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SIR JOHN HERSCHEL 


.Sir Jour Frederick William IlERscnEL, Bart., 
tc lUuslnoua astronomer, was the only son of Sir F 
William Uerschel He was born at Slough, Backing 
bamshire, England, in the year 1702 Hts scholastic 
education began at Eton, whence, at the age of seven 
teen, be was sent to St John's College, Cambridge, 
where ho attained to great eminence in mathematics 
After leaving the Uniterstty, be entered upon the study 
of astronomy, and in 1820, assisted by bis father, com 
pleted a mirror of 18 inches diameter and 20 feet focal 
length for a reflecting telescope This, as subsequently 

effect the astronomical observations that formed the basis 
of his fame In 1821-23 be undertook the re examma 
tion of his father’s doable stars For tbia work he re 
ceived in 1826 the gold medal of the Astronomical So 
ciety, and the Lalande Medal of the French Institute 

From 1824 to 1827 he was Secretary of the Royal So 

ciety, and in 1827 was elected to the Chair of the As 

tronoraical Society, which offlee ho filled on two snbse 
quent occasions In 1831 the honor of knighthood was 
conferred on him by William iV , and he subsequently 

(3) 



am JOBN HEitsonEL 


was made a baronet. His exploration of the Boutbem 
heavens constituted an epoch in astronomy, and sccarcd 
for him the distinction of memberships in almost every 
important society in both hemispheres. His “Outlines 
of Astronomy,” hero reproduced, first appeared in 18-19, 
and, notwithstanding the disadvantage arising from the 
practice of stereotyping text-books which relate to pro- 
gressive sciences, there is no more instructive volume 
extant on the subject of which it treats. Sir John Her- 
schel died in 1871; his remains are interred in West- 
minster Abbey, close to the grave of Sir Isoao Newton. 
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PREFACE TO THE FIRST EDITION 


Tub vrork here oSered to the Pablic )3 based upon and 
znaj be considered os an extension, and, it is hoped, an 
improvement ot a treatise on the same 6 ab 3 ect, forming 
Part 43 of the Cabinet Cyclopaidia, poblished in the year 
1838 Its object and general characler are safficientlj stated 
in the introductory chapter of that volume, here reprinted 
with little alteration, but no opportunity having been 
afforded me by the Propnetors, preparatory to its reap 
pearance in a form of more pretension, I have gladly 
availed myself of it, not only to correct some errors 
which, to my regret, subsisted in the former volume, but 
to remodel it altogether (ihongb in complete accordance 
with its original design as a worL of txplanaUoTi), to intro 
duce much new matter in the earlier portions of it, to re 
write, upon a fat more matured and comprehensive plan, 
the part relating to the lanar and planetary perturbations, 
and to bring the subjects of sidereal and nebnlar astronomy 
to the level of the present state of our knowledge in those 
departments 

The chief novelty in the volume, as it now stands, will 
be found in the manner in which the subject of Perturba 
tions 13 treated It is not — it cannot be made elementary, in 
the sense in which that word is understood in these days 
of light reading The chapters devoted to it must, there 
fore, be considered as addressed to a class of readers in pos 
session of somewhat more mathematical knowledge than 

( 11 ) 
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those tvho tvill find tho rest of the work readil} and easily 
accessible, to readers desirous of preparing themselves, by 
the possession of a sort of carte du for a campaign in 
the most difhcuU, but at tbo samo time the most attractive 
and tho most remnnerativc of alt the applications of modern 
geometry More especially they maj bo considered as ad 
dressed to etudents in that university, where the “Prin 
cipia’ of Newton is not, nor ever will be, put aside as an 
obsolete book, behind the ago, and where the grand though 
rude outlines of the lunar theory, as delivered in tho 
eleventh section of that immortal work, are studied less 
for the sake of the theory itself, than for the spirit of far 
reaching thought, superior to and disoncumbered of tech 
meal aids, which distinguishes that beyond any other pro 
duotioo of the human intellect 

In delivering a rational as distinguished from a technical 
exposition of this subject, however, the course pursued by 
Newton in the section of the ‘Pnncipia" alluded to, has 
by no means been servilely followed As regards the per 
turbations of the nodes and lachnations, indeed, nothing 
equally lummous can ever be substituted for bis explana 
tion But as respects the other disturbances, the point of 
Yiew chosen by Newton has been abandoned for another, 
which It 13 somewhat difficult to perceive why he did not, 
himself, select By a differeot resolution of the disturbing 
forces from that adopted by him, and by the aid of a few 
obvious conclusions from the Kws of elliptic motion which 
would have found their place, naturally and consecutively, 
as corollaries of the seventeenth proposition of his first book 
(a proposition which seems almost to have been prepared 
■mth a special view to this application) the momentary 
change of place of the upper focus of the disturbed ellipse 
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is brought distinctly under inspection; and a clearness of 
conception introduced into the perturbations of the cxcen* 
tricities, perihelia, and epochs which the author does not 
think it presumption to believe can be obtained by no other 
method, and which certainly is not obtained by that from 
•which it is a departure. It would be out of keeping with 
•the rest of the work to hare introduced into this part of it 
any algebraic investigations; else it would have been easy 
to show that the mode of procedure here followed leads 
direct, and hy steps (for the subject) of tbe most elemen- 
tary character, to the general formulas for these perturba- 
tions, delivered hy Laplace in tbe Mdcamque Celeste.’ 

The reader will find one class of the lunar and planetary 
inequalities handled in a very different manner from that 
in which their explanation is usually presented. It com- 
prehends those which are characterized as incident on the 
epoch, the principal among them being the annual and 
secular equations of the moon, and that very delicate and 
obscure part of the perturbational theory (bo little satisfac- 
tory in tbe manner in which it emerges from the analytical 
treatment of tbe subject), tbe constant or permanent effect 
of tbe distnrbiDg force id altering tbe disturbed orbit. I 
will venture to hope that what is here stated will tend to 
remove some rather generally diBused misapprehensions as 
to the true beanngs of Newton’s explanation of the annual 
equation.* 

If proof were wanted of the inexhaustible fertility of 
i^tronom'ical science in points of novelty and interest, it 
would sufiice to adduce the addition to tbe list of members 


‘ lavT9 5i ehaji. Tin art. 67 
* Frvncipia. 1 prop 66, cor. 6. 
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ol our system of no lc<ta than e)gUt nevr planets and satcl 
Iilcs during tbo preparation of these sheets for the press 
Among them is one whoso discovery must c\cr bo regarded 
as one of the noblest triumphs of theory In the account 
hero given of this discover}, I trust to have expressed my 
self with complete impartiahty, and in tho exposition of 
the perturbatno action on Uranus, by which tbo existence 
and situation of the disturbing planet became revealed to 
us, 1 have cndea\ored, m pursuance of the general plan of 
this work, rather to exhibit a rational view of tho dynamical 
action, than to con\cy the slightest idea of the conduct of 
those masterpieces of analytical skill which the researches 
of Messrs Lcvcrrier and Adams exhibit 

To tho latter of these eminent geometers, ns well as to 
my excellent and esteemed fncod tho Astronomer Boyal I 
have to return tny best thanks (or communications which 
would haa e effectually relieved some doubts I at one period 
entertained had I not succeeded m the interim in getting 
clear of them as to the compaUhtltly of my views on the sub 
]ect of the annual equation already alluded to, with the 
tenor of Newton’s account of it To my valued friend, 
Professor De Morgan, I am indebted for some most ingen 
10U3 suggestions on the subject of the mistakes committed 
in the early working of the Julian reformation of the calen 
dar, of which I should have availed myself, had it not ap 
peared preferable, on mature consideration, to present the 
subject in its simplest form, avoiding altogether entering 
into minutite of chronological discussion 

J F "W Herschel 


CoLLQiawooD April li 1S49 



PREFACE TO THE FIFTH EDITION 

The rapid progress of science renders it necessary fre 
quently to revise and bring up elementary works to the 
existing state of knowledge, under penalty of their becom 
ing obsolete In former editions of this work, this has been 
done, BO far as it conld be done withont incamng the neces 
sity of an almost total typographical reconstruction But 
Astronomy, within the last few years, has been ennehed by 
80 many and each considerable additions, that it has been 
considered preferable (another edition being called for), not 
indeed to recast the general plan of the work, but to mcor 
porate these in it in due order and sequence, thereby mate 
nally enlarging the volume, and giving it in many respects 
the air of a new work The articles thus introduced are 
distinguished from those of the former editions between 
which they have been inserted by the addition to the last 
current number of an xUilte letter — thus, between Arts 894 
and S95 will be found inserted 894 a, 894 b, and 894 c The 
iDclosure of any passage id brackets [ ] indicates its having 
been introduced in the Fourth or some subsequent Edition 
The index references in this as in former editions, bemg to 
the articles and not to the pages, are thus preserved To 
gether with these recent accessions to our knowledge, I 
have taken the opportunity of mtroducing several things 
frlsidt migisi /asrfy ieew mytevi jtj cftfiSyivscV rn* 

former editions — as, for instance, the account of the meth 
ods by which the mass of the Earth has been determined, 

( 16 ) 
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and that of the saccessfal treatment, and it is presumed 
final subjugation, of those rebellious ancient Solar Eclipses 
■which have so much harassed astronomers A bnef ac 
count of M Foucault’s remarkable pendulum experiments, 
and of that beautiful instrument, the gyroscope, is intro 
duced as are also notices of Professor Thomson's specula 
tions on the origin of the Sun’s heat, and his estimate of 
its average expenditure, as well as of some curious views of 
M Jean Beynaud, on the secular variation of our climates, 
supplementary to those put forward m former editions of 
this work I could have wished that its natnre and limits 
would have permitted some account of Mr Cooper's mag 
nificent contributions to sidereal astronomy, in his cata 
logue of upward of 60,000 previously unregistered ecliptic 
stars, of Mr Bishops ecliptic charts and those of M Cha “ 
comae, of Mr Carrington’s elaborate circumpolar cata 
logue, and of Mr Jones s immense work on the zodiacal 
bght, forming the third volume of the account of the United 
States Japan Expedition, which reached me too late to 
allow of drawing up a fitting analysis of bis results These 
gentlemen will severally please to accept, however, this 
respectful tribute of my admiiution for their important 
labors Some new speculations are also hazarded, as, for 
instance, on the subject of tho Moon’s habitability, the 
cause of the acceleration of Encke’s comet, etc , and a few 
numerical errors are corrected which have hitherto escaped 
notice and public comment as blemishes — as, for example, 
in some of the numbers id Art 422 in the explanation of 
the phenomena of a lunar eclipse, in the oaluation of tho 
total mass of the atmosphere, Art 242, and in the distance 
of tho Moon, Art 403 (for which, however, I am noi 
answerable) 
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In the Damcrical statement of special astronomical ele* 
meats, it is nnavoidablc that slightly diilcreat values of the 
same quantity should from time to time come to bo substi* 
tuted for those before received, as its determination acquires 
additional exactness. To hare altered the figures in such 
cases wherever they occur, throughout the letter-press, 
would have entailed a great probability of error and con- 
fusion; and, as the Synoptic Tables of astronomical ele- 
ments at the end of the work have been carefully revised 
in conformity with the best current authorities, the reader 
is requested, whenever he may observe any discrepancy of 
this nature, to prefer the tabulated values. 

Several of the woodcuts, which were onginally drawn 
correctly, have been inverted right hand for left by the 
" engraver. So far as explanation goes, this is not of the 
slightest moment To a reader in the Southern Hemi- 
sphere, they are right as they stand; and one in the 
Korthem has only to imagine himself so situated. 

John F. W. Herschel. 

CcixuroTTOOD, Ftbraa/ry T7, 1858. 


Note (added In 1865) Tbe views of U Rejnaud, above referred to, tbougli 
DO doubt onginal on his part, are, however, completely anbapated by certain 
epeculabosB of Sir Charles Lyell, in bis "Pnneiplea of Geology” (p 110, Ed of 
1830), expanded and further re&sooed out to conclusions idenbeal with those 
of tL Reynand, in a paper by the author of the present work, ‘‘On the Astro- 
Donucal Causes which may inQoeace Geological Phenomena,” read before the 
Geological Society on December IS, 1830, and published in the Transactions of 
that Society. This, however, had completely escaped his recollection when 
perusing the works of U. Reyosud referred to in the note to Art. 369 e, which 
occumng while the additions to the Fifth Edition were m preparation, with all 
the force of novelty, led to their nsertum in Art. 369 b, and to the above 
notice them 'In the preface 



PREFACE TO THE TENTH EDITION 

Sl^CE the publication of tbo last edition of this work,- 
the progress of astronomical discov ft-y has been continuona 
and rapid to keep np with which, so far as consistent with 
Its general object it baa been neces'sary to extend some of 
the Notes added in former editions and to annex others 
Among these recent additions to astronomical knowledge 
ma} be mentioned more especially those which relate to 
the physical constitution of the central body of onr own 
system, on which so vast and unexpected an amount of 
information has accumulated from various quarters as to 
place us at the opening out of a new yista of solar discovery 
'Witbm the limits of our own system too, the meteorites 
have at length acquired a firm footing as a distinct group 
of members while their now established and most anex 
pected connection with periodic comets iq some instances, 
presents the latter class of bodies under a new aspect in 
creasing if anything can increase the mysterious interest 
which, already bangs about them The group of asteroids, 
too has received an accession of no less than fifteen to their 
list as it stood at the end of 1866 The elements of these 
are given in the Appendix (from the Berlin Ephemens 
for 1871) so as to complete the list up to the present time 
The correction indicated m a former edition as required m 
the distance of the sun (and by necessary implication in the 
dimensions of all the planetary orbits and the magnitudes 
of the sun and planets themselv^}, has moreover received 
(18) 
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an unexpected confirmation from Mr Stone’s critical ro* 
examination of the calculations of that distance from the 
recorded observations of the celebrated transit of Venus in 
1769, the result of which la here brought under the notice 
of our readers 

Beyond the limits of our own system, the application 
of spectrum analysis has disclosed the amazing fact of the 
gaseous constitution of many of the nebula: (a constitution 
long suspected on general cosmological grounds) by which 
13 meant their analogy to matter not in that state of Inmi 
nosity presented hy the photosphere of our sun, but in that 
in which are maintained the luminous prominences and ap 
pendages which fringe its disk m total eclipses a state to 
which the epithet of tncandescfnl gaseous as distinct from 
^ame or a state of combusUon seems most appropriate 
^hus a real line of demarcation between nebula proper 
and eidereal clusters is decisively drawn These delicate 
applications of optical science to chemistry have also 
afiorded strong grounds for conclnding with considerable 
confidence the presence of several of our terrestrial ele 
mentary bodies in the bud and fixed stars while in one 
instance prismatic observation has afforded, with a certain 
approach to probability, evidence of the recess of the most 
conspicuous among them from our system, and even sup 
pbed a measure of its rapidity 

J F "W Herschel 

COLUHOvrooD Jviy 17 1869 
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INTRODUCTION 

(1 ) Evert studeot who enters npon n scientific parsuit, 
especi&Uj if at a somewhat advanced penod of life, will 
find not only that he has much to learn, bat mneh also to 
unlearn Familiar objects and events are far from present 
ing themselves to our senses m that aspect and with those 
conneotions under which science requires them to be viewed, 
and which constitute *their rational explanation There is, 
therefore, every reason to expect that those objects and 
relations which, taken together, constitute the subject he 
IS about to enter upon will have been previously appre 
bended by him, at least imperfectly, because much has 
hitherto escaped his notice which is essential to its nght 
understanding and not only so, bat too often also erroue 
ously, owing to mistaken analogies, and the general prer 
alence of >ulgar errors As a first preparation, therefore, 
for the course he is about to commence, be must loosen his 
hold on all crude and hastily adopted notions, and must 
strengthen himself, by something of an effort and a resolve, 
for the unprejudiced admission of any conclusion which 
shall appear to be supported by careful observation and 
logical argument, even should it prove of a nature adverse 
to notions he may have previously formed for himself, or 
taken np, without examination, on the credit of others 

( 21 ) 
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Such nn cftort is, in fact, a commencement of that intcl 
lectnal discipline irbich forms one of the most important 
ends of all science It is the first movement of approach 
toward that state of mental purity which alone can fit us 
for a full and steady perception of moral beauty as well 
as physical adaptation It is the "euphrasy and rue ’ with 
which we must ‘purge our sight" before we can receive 
and contemplate as they are tho hneamentB of truth and 
nature 

(2 } There is no science which, more than astronomy, 
stands in need of such a preparatton, or draws more largely 
on that intellectual liberality which is ready to adopt what 
ever is demonstrated, or concede whatever is rendered 
highly probable, however new and uncommon the points 
of view may be m which objects the most familjar may 
thereby become placed Almost all its cooelusions stand 
in open and striking contradiction with those of superficial 
and vulgar observation, and with what appears to every one, 
until he has understood and weighed the proofs to the con 
trary, the most positive evidence of his senses Thus, the 
earth on which he stands, and which has served for ages as 
the unshaken foundation of the firmest structures, either of 
art or nature, la divested by the astronomer of ita attribute 
of fixity, and conceived by him as turning swiftly on its 
centre, and at the same tune moving onward through space 
with great rapidity The aun and the moon, which appear 
to untaught eyes round bodies of no very considerable size 
become enlarged in his imagination into vast globes — the 
one approaching in magnitude to the earth itaelf the other 
immensely surpassing it The planets, which appear only 
as stars somewhat brighter than the rest are to him epa 
ciouB, elaborate, and habitable worlds several of them 
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much greater and far more canously famished than the 
earth he inhabits, as there are also others less so, and 
the stars themselves, properly so called, which to ordinary 
apprehension present only Incid sparks or brilliant atoms, 
are to him suns of varioos and transcendent glory — effnl 
gent centres of life and light to myriads of unseen worlds 
So that when, after dilating his thonghts to comprehend 
the grandeur of those ideas hiacalcnlations have called up, 
and exhausting his imagination and the powers of bis Ian 
gauge to devise similes and metaphors illnstrativo of the 
immensity of the scale on which his universe is con 
atructed, he shrinks back to his native sphere, he finds 
It m compansoQ, a mere point, so lost^even m tbo 
minute system to which it belongs— is to be invisible 
and unsuspected from some of its principal and remoter 
members 

(8 ) There is hardly anything which sets m a stronger 
light the inherent power of truth over the mind of man, 
when opposed by no motives of interest or passion, than 
the perfect readiness with which all these conclusions are 
assented to as soon as their erideoce is clesrly apprehended, 
and the tenacious hold they acquire over our belief when 
once admitted In the conduct therefore of this volume, 
I shall take it for granted that the reader is more desirous 
to learn the system which it is its object to teach, as it now 
stands, than to raise or revive objections against it and 
that, in short, he comes to the task with a willing mind, 
an assumption which will not only save the trouble of 
piling argument on argument to convince the sceptical hat 
will greatly facilitate his actual progress inasmuch as he 
will find it at once easier and more satisfactory to pursue 
from the outset a straight and definite path, than to be con 
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stantly stepping aside, involving himself in perplexities and 
circuits, which, after all, can only terminate in finding him 
self compelled to adopt the same road 

(4 ) The method, therefore, we propose to follow in this 
work 13 neither strictly the analytic nor the synthetic, but 
rather such a combination of both, with a leaning to the 
latter, as may beat suit with a didactic composition Its 
object 18 not to convince or refute opponents, nor to in 
quire, under the semblance of an assumed ignorance, for 
principle of which we are all the time in full possession— 
but simply to teach what is Icnown The moderate limit of 
a single volume, to which it will be confined, and the 
necessity of being on eveiy point, within that limit, rather 
diSuse and copious in explanation, as well as the eminently 
matured and ascertained character of the science itself, 
render this course both practicible and eligible Practi 
cable, becanse there ts now no danger of any revolution in 
astronomy, like those which are daily changing the features 
of the less advanced sciences, supervening to destroy all 
our hypotheses, and throw our statements into confusion 
Eligible because the space to be bestowed, either in com 
bating refuted systems, or in leading the reader forward by 
slow end measured steps from the known to the unknown, 
may bo more advantageously devoted to such explanatory 
illustrations as will impress on him a familiar and, as it 
were a practical sense of the sequence of phenomena, and 
the manner in which they are produced We shall not, 
then, reject the analytic coup»o where it leads more easily 
and directly to our objects, or in anj way fetter ourselves 
by a ngul adberento to method Writing onl^ to be under 
stood, ami to commuoicote as much loSom^aUoa >o as hliia 
epace as possible, tonsistentjy with its ihstmct and fjcetual 



iSTitoDVcnoy 


25 


commumcation, no sacrifice can be afforded to system, to 
form, or to affectation 

(6 ) We shall take for granted, from the outset, the 
Copemican system of the world, relying on the easy, 
obrious, and natural ejrplanattoo it affords of all the phe 
nomena as they como to be described, to impress the student 
with a sense of its truth, without cither the formality of 
demonstration or the superfluous tedium of eulogj, calling 
to mind that important remark of Bacon — “Tbeoriarum 
vires, arcta et quasi so muluo sustincnto partium adapta 
tione, qu£ quasi in orbem coherent, firmantur ‘ not fail 
ing, howeier, to point out to the reader, as occasion offers, 
the contrast which its superior simplicity offers to the com 
plication of other hypotheses 

(6 ) The preliminary knowledge which it is desirable 
that the student should possess, in order for the more ad 
vantageous perusal of the following pages consists in the 
familiar practice of decimal and sexagesimal arithmetic, 
some moderate acquaintance with geometry and trigonome 
try, both plane and spherical, the elementary pnnciples of 
mechanics, and enough of optics to understand the con 
struction and use of the telescope and some other of the 
simpler instruments Of course the more of such know! 
edge he brings to the perusal the easier will be his prog 
ress, and the more complete the information gained, but 
we shall endeavor in every case as far as it can be done 
without a sacrifice of clearness and of that useful brevity 
which consists in the absence of prolixity and episode 


' The cooBroiatoa of tleores reles oa the compact adaptaton of their 
pertR I7 which 1 ke those of ad arch or dome they mntually lustato 
other and form a col crept whole The js what Dr tVhewell express rely 
term# the conrilime* of inducclo s 
ASTONOUT— iTol HX — " 
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to tender wbnl wo h&vo to brj ob independent of other 
books ns possible 

(7 ) After all, I must disttnctlj caution such of my read 
ers ns may commence and terminato their astronoroical 
studies with the present work (thoagli of such—nt least in 
the latter predicament — trnst the number will be few), 
that its utmost pretension la to place them on the tbresbold* 
of this particular wing of the temple of Science, or rather 
on an eminence extenor to it, whence they may obtain 
something like a general notion of its structure, or, at 
most, to give those who may wish to enter a ground plan 
of its accesses, and put them in posscestoo of the password 
Admission to its sanctuary, and to the privileges and feel 
mgs ol a votary, is only to bo gamed by one means—soimd 
and 5uj7iei«n< knowledge of matAemalies, $r<ni instrument 
of all exact inquiry, wthout which no man can eier maJee 
such advances tn (An or any otter of the htyher departments 
of ecience os can entitle Atm to form an independent opinion 
on any subject of discussion within their range It is not 
without an effort that those who possess this knowledge can 
commuQieate on such subjects with those who do not, and 
adapt tbeir language and tbeir illustrations to the necessi 
ties of such an intercourse Propositions which to the one 
are almost identical are theorems of import and difficulty 
to the other nor la their cndence presented in the same 
way to the mind of each In teaching such propositions, 
under such circumstances the appeal has to be made not 
to the pure and abstract re*ison, but to the sense of analogy 
— to practice and experience principles and modes of action 
have to he established not by direct argument from ac 
knowledged axioms bat by continually recurring to the 
sources from which the axioms themselves have been 
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dtaTm. VIS., csamplea; that la to say, by briaging forward 
and dwelling on simple and famihar instances in which the 
same *principle3 and the same or similar modes of action 
take place thus erecting, as it were, in each particular 
case, a separate induction, and constructing at each step a 
little body of science to meet its exigencies The difference 
IS that of pioneering a road through an untrarersed country 
and advancing at case along a broad and beaten highway , 
that 18 to say, if we are determined to make oar«elves dis 
tinctly understood, and will appeal to reason at all As for 
the method of asserhon, or a direct demand on the faith of 
the student (though in some complex cases indispensable, 
where illustrative explanation would defeat tt» own end by 
becoming tedious and burdensome to both parties), it is one 
which I shall neither willingly adopt nor would recommend 
to others 

(8) On the other band, although it is something new to 
abandon the road of mathematical ^demonstration in the 
treatment of subjects susceptible of it, and to teach any 
considerable branch of ecience entirely or chiefly by the 
way of illustration and familiar parallels it is yet not im 
possible that those who are already well acquainted with 
our subject, and whose knowledge baa been acquired by 
that confessedly higher practice which is incompatible with 
the avowed objects of the present work, may yet find their 
account in its perusal — for this reason, that it is always of 
advantage to present any given body of knowledge to the 
mind in as great a variety of different lights as possible It 
IS a property of illastrationa of this kind to strike no two 
minds in the same manner, or with the same force, because 
no two minds are stored with the same images, or have ac 
quired their notions of them by similar habits Accord 
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ingly^ it may very well happeni that a proposition, even to 
one beat acquainted with it, may be placed not merely in a 
new and uncommon, but in a more impreasive and satSsfac* 
tory light by such a courso— some obscurity may be dissi* 
pated, some inward misgivings cleared up, or even some 
links supplied which may lead to the perception of conneo- 
tions and deductions altogether unknown before. And the 
probability of this is increased when, as in the present 
instance, the illustrations chosen have not been studiously 
selected from books, but are such as have presented them* 
selves freely to the author’s mind as being most in harmony 
with his own views; by which, of course, he means to lay 
no claim to originality in all or any of them beyond what 
they may really possess. 

(9 ) Besides, there are cases in the application of me* 
ohamcal principles with which the mathematical student is 
but too familiar, where, when the data are before him, and 
the numerical and geometnoal relations of bis problems all 
clear to his conception — when his forces are estimated and 
his lines measured — nay, when even he has followed up the 
application of his technical processes, and fairly arrived at 
his conclusion — there is still something wanting in his mind 
— not in the evidence, for he has examined each link, and 
Qnds the chain complete — not in the principles, for those he 

well knows are too firmly established to bo shaken but 

precisely in the mode of action He has followed out a tram 
of reasoning by logical and technical rules, but the signs bo 
has employed are not pictures of nature, or have lost their 
original meaning as such to his mindi ho has not seen, as 
it were, the process of nature passing under hia eye in an 
instant of time, and presented as a cnnsccuijye whols to his 
imaginatioa. A familiar parallel, or an illnstration drawn 
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from some artificial or natural procesa, of which he has that 
direct and indiMdual impression which gives it a reality and 
a'^ociates it with a name will, in almost every such case, 
supply in a moment this deficient featnre, will convert all 
his symbols into real pictures, and infuse an animated mean 
mg into what was before a lifeless succession of words and 
signs 1 cannot, indeed, always promise myself to attain 
this degree of vividness of illustration, nor are the points 
to be elucidated themselves always capable of being so 
paraphrased (if 1 may use the expression) by any single 
instance adducible lu the ordinary course of expoiienco, but 
the object will at least be kept m view, and as I am very 
conscious of haviog in making such attempts gamed for 
myself much clearer views of several of the more concealed 
efiects of planetary perturbation than I bad acquired by 
their mathematical investigation in detail it may reason 
ably be hoped that the endeavor will not always be unat 
tended with a similar success m others 

(10 ) From what has been said it will be evident that 
our aim is not to offer to the public a technical treatise m 
which the student of practical or theoretical astronomy shall 
find consigned the minute descnptiou of methods of obser 
vatioo or the formulio he requires prepared to his hand or 
their demonstrations drawn out m detail In all these the 
present work will be found meagre and quite inadequate 
to his wants Its aim is entirely tUScrent being to present 
to him in each case the mere ultimate raUo'taU of facts 
arguments and processes and in all cases of mathematical 
application, avoiding whatever would tend to encumber its 
^itb sJgdfntfc ta pJsC^ usder 

his inspection that central thread of common sense on which 
the pearls of analytical research are invariably strung, but 
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■which, bj the attention the latter claim for themselves, is 
often concealed from the eyo of the gazer, and not always 
disposed in the straightest and most contement form to fol 
low hj tho«<o who stnng them This is no fault of those 
who have conducted the inquiries to which wo allude The 
contention of mind for which they call is enormous, and it 
may, perhaps, bo owing to their experience of hoio UttJe can 
be accomplished in carrying such processes on to their con 
olusion, by mere ordinary efeumea* o/Aead, and how neccs 
ear} it often is to pay more attention to the purely matbe 
matical conditions which insure sncccas — the hooks and oyes 
of their equations and senes— than to those which enchain 
causes with their effects, and both with the human reison— 
that wo must attnbuto something of that indistmclncss of 
view which IS often complained of as a gncMince by the 
earnest student and still more commonlj ascnbwl ironically 
to the native cloudiness of an atmosphere too sublime for 
vulgar comprehension Wo think we shall render good 
sen ICC to both classes of reader*, by dissipating, so far as 
lies in our j ower that nccidcnta! obscuniv, and by showing 
ordinary untutored camprcbonsion clearly what it ran, and 
what It rannol hope to attain 
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o£ wider and grander conceptions, till at length a unity and 
a nobihty is attained, little dreamed of in the imagination 
of the first projector 

(10 b ) Tho same is equally tme of every great bo<ly of 
knowledge and would be fonnd signally exemplified m the 
history of astronomy, did tho object of this work allow us 
to devote a portion of it to its relation What concerns us 
more is that the same remark is no less applicable to tbo 
process by which knowledge is built up in the mmd of each 
individual and by which alone it can attain an) extensive 
development or any grand proportions No man can rise 
from Ignorance to anything desernng to be called a com 
plete grasp of any considerable branch of science without 
receiving and discardiog in succession many crude and in 
complete notions which so far from injuring the truth in its 
ultimate reception, act as positive aids to its attainment by 
aeqnatntiDg him with the symptoms of an insecure footing 
in his progress To reach from tho plain the loftiest sum 
mits of an Alpine country, many infenor eminences have 
to be scaled and relinquished, but the labor is not lost 
The region is unfolded in its closer recesses and the grand 
panorama which opens from aloft is all the better under 
stood and the more enjoyed for the very misconceptions in 
detail which it rectifies and explains 

(10 c ) Astronomy is very peculiarly m this predicament 
Its study to each individual student is a continual process 
of rectification and correction — of abandoning one point of 
vuew for another higher and better — for temporary and oc 
casional reception of even positive and admitted errors for 
the convenience they aSord toward giving clear notions of 
important truths whoso essence they do not affect by apar 
ing him that contention of mind which fatigues and dis 
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tresses We keovr, for example, that the earth's diurnal 
motion la real, and that of the heavens only apparent, yet 
there are many problems in astronomy which are not only 
easier conceived, hut more simply resolved by adopting the 
idea of a diurnal rotation of the heavens, it being under* 
stood once for all that appearances are alike in both sup- 
positions. 


CHAPTER I 

General Notfone— Apparent and real Uotiona— Shape and Size of the Earth 
—The Horizon and ita Dip— The Atmoapher^-Refracbon — Twilight— 
Appearances resoltiog from Diurnal Uotion— From Change of Station 
io General— Parailactic ifohons— Terrestrial Parallax — That oi the 
Slats losenaible— First Step toward forming an Idea of the Distance 
of the Stars— Copemican Vien of the Earth’s Hot on— Belatirs Ho 
hon— Mocioqs partl7 Real partly Apparent— Oeocenlno Astronomy, 
or Ideal Befstence of Phenomena to the Earth's Centre as a Common 
Cooventional Station 

(11 ) The magnttudes, distances, arrangement, and mo- 
tions of the great bodies which make up the visible uni- 
verse, their constitutioD aud physical condition, so far as 
they can he known to us, with their mutual infiaences 
and actions on each other, so far as they can be traced by 
the effects produced, and established by legitimate reason- 
ing, form the assemblage of objects to which the attention 
of the astronomer is directed. The term astronomy' itself, 
which denotes the law or rule of the astra (by which the 
ancients understood not only the stars properly so called, 
but the sun, the moon, and nil the visible constituents of 
the heavens), sufficiently indicates this; and, although the 

» AtTv a itar^ -viw, a laitf, nr «!»»», tp aa « ids jfloeV, 30 

Uifct means “shepherd of tho siara.” The two etjmologlea are, 

howsviir. r^inrirlnnt 
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tenn astrology, which denotes tho reason, theory, or inter 
prelation of the stars,* has become degraded m its applies 
tion, and confined to sdperstitious and dclnsive attempts 
to divine future events by their dependence on pretended 
planetary influences, the same meaning originally attached 
Itself to that epithet 

(12 ) But, besides the stars and other celestial bodies, 
the earth itself, regarded as an individual body, is one pnn 
cipal object of tho astronomer's consideration, and, indeed, 
the chief of all It derives its importance, m a practical as 
well as theoretical sense, not only from its proximity, and 
its relation to us as animated beings, who draw from it the 
supply of all our wants, but as tho station from which 
we see all the rest, and as the only one among them to 
which we can, m the first instance, refer for any deter 
ninate marks and measures by which to recognize their 
changes of situation, or with which to compare their 
distances 

(18 ) To the reader who now for the first time takes up 
a book on astronomy, it will no doubt seem strange to class 
the earth with the heavenly bodies, and to assume any com 
munity of nature among things apparently so different For 
what, in fact can be more apparently different than the vast 
and seemingly immeasurable extent of the earth, and the 
stars, which appear but as points, and seem to have no size 
at all? The earth is dark and opaque, while the celestial 
bodies are brilliant We perceive in it no motion, while in 
them we observe a continual chi^nge of place, as we view 
them at different hours of the day or night or at different 
seasons of the year Tbe ancients accordingly, one or two 


* Aaye« reason Ota word, the Tehlele ot reuon , tho Interpreter of thought. 
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of the more enlightened o! them only excepted, admitted 
no Buoh community ol nature, and, by thus placing the 
heavenly bodies and their mo^emeota without the pale of 
analogy and experience, efEeetaally intercepted the progress 
of all reasoning from what passes here below, to what is 
going on in the regions where they exist and move Under 
such conventions, astronomy, os a science of cause and 
effect, could not exist, but must be limited to a mere 
registry of appearances,, unconnected with any attempt to 
account for them on reasonable principles, howeier sue 
cessful to a certain extent might ho the attempt to follow 
out their order of sequence, and to establish empirical laws 
expressive of this order To get rid of thia prejudice, there* 
iore, IS the first step toward acquiring a knowledge of what 
18 really the case, and the student bos made bis first effort 
toward the acquisiUon of sound knowledge, when be has 
learned to familiarize himself with the idea that the earth, 
after all may be nothing but a great star How correct 
such an idea may be, and with what limitations and modi 
fications it is to bo ndmiUed, we slioll sco presents 

(14 ) It is evident, that, to form any just notions of the 
arrangement, in space, ot a number of objects wliieh wo 
cannot approach and exaimne, but of Nvhich all the informa 
tion wo can gam is l>^ sitting still nml walcliing thtir c%olu 
tioiis, It must bo aery importaut for us to kuow, in the first 
instance, whether what we call silliBg still ii renUy such: 
whether the station from which we new them with our 
colics, and all objects which immediately surroimd us, bo 
not Itself in motion, unperceivcil by us, nod if so, of wlmt 
nature that motion is The apiuirctil places of a number 
of ohjpctjt. and Jbejr jo/i/tanni arran^'emcni with jvs/iect to 
each other, will of counw b« materially dependent on the 
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EitoatiOD of the spectator among tbcm, and if this situation 
bo liable to change, anknowo to the spectator himself, an 
appearance of change in the respective situations of the 
objects will arise, without the reality If, then, such bo 
actually the case, it will follow that all the movements we 
think we perceive among the stars will not be real move 
meats, but that some part, at least, of whateior changes of 
relative place we perceive among them must be merely ap 
parent, the results of the shifting of our own point of view, 
and that, if wc would ever arrive at a knowledge of their 
real motions, it can only be by first investigating our own, 
and making due allowance for its effects Thus the ques 
tion whether the earth is in motion or at rest, and if in 
motion, what that motion is, is no idle inquiry, but one on 
which depends our only chance of arriving at true conclu 
BioDS respecting the constitution of the universe 

(16 ) Mor let It be thought strange that we should speak 
of a motion existing m the earth, unperceived by its mhabt 
tants we must remember that it is of the earth as a whole 
with all that it holds within its substance, or sustains on 
its surface, that we are speaking oi a zaoUoa cobusod to 
the solid mass beneath, to the ocean which flows around 
it, the air that rests upon it, and the clouds which float 
above it in the air Such a motion, which should displace 
no terrestrial object from its relative situation among others, 
interfere with no natural processes and produce no sensa 
tions of shocks or jerks might, it is very evident, subsist 
undetected by us There is no peculiar sensation which 
advertises us that we are *» motion "We perceive jerLs, 
or shocks, it IS trne, because these are sadden changes of 
motion, produced, as the laws of mechanics teach us, by 
sudden and powerful forces acting during short times, and 
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these forces, applied to our bodies, are what we feel 
■\Vhen, for example, we are carried along in a carnage 
with the blinds down, or with our eyes closed (to keep us 
from seeing external objects), wo perceite a tremor arising 
from inequalities m the road, oier which the carnage is 
Bucce^^welj lifted and lei fall, but we have no sense of 
j)rogress As the road is smoother, our sense of motion 
13 diminished, though our rate of travelling is accelerated 
Railway travelling, especially by night or in a tunnel, has 
familiari/ed every one with this remark Those who have 
made aeronautic voyages testify that with closed ejes, and 
under the influence of a steady breeze communicating no 
oscillatorj or roioliiog motion to the car, the sen*aU<m is 
that of perfect rest, howeicr rapid the transfer from place 
to place 

(10) But It IS on shipboard, where n great system is 
rnaintaincd in motion, and where wc are surrounded with 
a multitude of objects which participato with our>cIvLSnQd 
each other in the common progress of the whole mass, that 
wo fed nio^l satisfactonly tho identity of sensalion b< tween 
a state of motion and one of rest In the cabin of a largo 
and licai^ vc««el going smoothly before the wind in still 
water, or drawn aloug a canal, not the sntallLsi indication 
acquamls u^i with the way it is mol ing Wc rcid, sit, walk, 
ami perform e\cry customary action aa if we wore on land 
If wi throw a laU into the air. it falls 1 ack into our hand, 
or if wo droj> It it alight* at our ftcL Insects buzz around 
us as in the free air and smoko aaccuils in the same manner 
as It would do in an opartment on shore If, irnltc*!, wo 
comt* on deck, tho case i* in some rrsj*ccts, dlfltrcnt, (he 
air, not In injf carnid along with us dnfts away smoke and 
other light bodiea— 4uch aa featlieni abandonrvl to il — appar 
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entlv, in the opj)03ite dinx-tion to that oC the ship s prog 
roa, but, m reality, remain at rest, and i\c learo them 
behind in the air Still, the illation, so far ns ma«si\e ob 
]cct3 and our own movements are concerned, remains com 
plete, and when we look at the shore, we then perceive 
the effect oC our ov,n motion transferred, in a contrary 
ilirection, to external objects— exrernaf, that is, to the si/sieni 
of ichteh ue form « part 

rroreh mur poTtu temNiue urbesque recedunt.’ 

(17 ) In order, however, to conceive the earth as in 
motion, we must form to ourselves a conception of its 
shape and size Now, an object cannot have shape and 
size unless it is Umited on all sides by some definite out 
line, so as to admit of our imagining it, at least, discon 
nected from other bodies, and existing insulated in space 
The first rnde notion we form of the earth is that of a fiat 
surface, of indefinite extent in all directions from the spot 
where we stand, above which are Me air and aly, below, to 
an indefinite profundity, solid matter This is a prejudice 
to be got rid of, like that of the earth a immobility— but it 
13 one mneh easier to rid ourselves of, inasmuch ns it ongi 
nates only on our own mental inactivity, m not questiomng 
ourselves where we will place a limit to a thing we haie 
been acenstomed from infancy to regard as immensely large, 
and does not, like that, originate in the testimony of our 
senses nnduly interpreted On the contrary, the direct 
testimony of our senses lies the other way "When we see 
the snn set in the evening in the west, and rise again 
in the east, as we cannot doubt that it is the same sun we 
'see after a temporary absence, we must do violence to all 
our notions of solid matter, to sappose it to have made its 
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way through the substaoce of the earth It must, therefore, 
have gone under it, aud that not by a mere subterraneous 
channel , for if we- notice the points where it sets and nses 
for many successive days, or for a whole year, we shall find 
them constantly shifting, round a very large extent of the 
horizon, and, besides, the moon and stars also set and rise 
again in all points of the visible horizon The conclnsjoti 
18 plain the earth cannot extend indefinitely in depth 
downward, nor indefinitely in surface laterally, it must 
haie not only bounds in a horizontal direction, but also 
an under side round which the sun, moon, and stars can 
pass, and that side mnat, at least, be so far like what 
see, that it must have a sky and sunsbine, and a day when 
It IS night to US, and vice versd , where, m short, 

— *Tcd i a nob s Aurora d emque rcducit 
Ko4que ub pi mu* «qu<8 onaut aBlavit ftabftlia 
Ql c 8«ra ruboBS tccendtl lum oa Veaper —ffeorp 

(18 ) As soon as we hate iamihanzcd ourselves with the 
conception of an earth without /oundalions or fixed sup 
ports — existing insulated in space from contact of every 
thing external it becomes easy to imagine it in motion — 
or, rather, diificult to imagine it otherwise, for, since there 
IB nothing to retain it in one place, should any causes of 
motion exist or any forces act upon it, it must obey their 
impulse Let us next see what obvious circumstances there 
are to help us to a knowledge of the aAape of the earth 

(19 ) Let us first examine what wo can actuallj see of iW 
shape Now, it is not on land (unless, indeed, on uncom 
monly love! and extensive plains), that we can sec anvthiog 
of the general figure of the earth The bills, trees, and othef 
objects which roughen its surface, and break and derate the 
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line of the horizon, though obnoualy bearing a most minute 
proportion to the xcTtole earth, ore yet too considerable with 
respect to ourselves and to that email portion of it which 
we can see at a single view, to allow of our forming any 
jndgment of the form of the whole, from that of a part so 
disfigured But with the surface of the sea or any \astly 
extended level plain, the case is otherwise If wo sail out 
of sight of land, whether we stand on the deck of the ship 
or climb the mast, we see the surface of the sea — not losing 
Itself in distance and mist, but terminated bj a sharp, clear, 
well defined line or ojfiuy, as it is called, which runs all 
round ua in a circle, having our station for its centre 
That this lino is really a circle, we onclude, first, from 
the perfect apparent similanty of all its parts, and, see 
ondly, from the fact of all its parts appearing at the samo 
distance from us, and that, evidently, a moderate one, and, 
thirdly, from this, that its apparent diamclery measored with 
an instrument called the dip teclor is the same (except 
under some singular atmospheric circumstances, which pro 
dace a temporary distortion of the outline), in whatever 
direction the measure is taken — properties which belong 
only to the circle among geometrical figures If we nscend 
a high eminence on a plain (for instance, one of the Bgyp 
tian pyramids), the same holds good 

(20 ) Masts of ships, however, and the edifices erected 
by man, are trifling eminences compared to what nature 
itself affords, iEtna, Tencnffe, Mowna Boa are eminences 
from which no contemptible aliquot part of the whole earth’s 
surface can be seen , but from these again — in those few and 
TaF& fvccaswuis when the Ij-anspamiry of the mr will paraut 
the real boundary of the horizon, the true sea line, to be 
Been the very same appearances are witnessed, but with 
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tbi9 remarkable addition nz , that tbe nngalar diameter of 
the visible area, as mcasurod hy tbe dip sector, is matcnslly 
las than at a lower lovcl, or, in other words that the ap 
parent size of the earth has sonsibly diminished as we have 
receded from its surface, while jet the absolute quantity of 
it seen at once has been increased 

(21) The same appearances are ob8cr\ed universally, 
in c\cry part of the earth’s surface Msited by man Now, 
the figure of a body which, howoier seen, appears always 
circular, can be no other than a sphere or globe 

(22 ) A diagram will elucidate this Suppose the earth 
to bo represented by the sphere Ij II N Q whose centre is 
C, and let A 0, hf be stations at different elevations above 
various points of its surface, represented by a y, m respect 
ivel} From each of them (as from M) let a line be drawn 
os M N n a tangent to tbe surface at N, then will this line 
represent the visual ray along which the spectator at M will 
see the visible horizon and as this tangent sweeps round 
hf and comes successively into tbo positions M O o M P p, 
21 Q 7 the point of contact N will mark out on tbe surface 
the circle N 0 P Q The orea of the spherical surface com 
^reheuded withiu this circle is tbe portion of the earth s 
surface visible to a spectator at if and tbe angle N H Q 
included between tbe two extreme visual rays is tbe meas 
ure of Its apparent angnlar diameter Leaving at present 
out of consideration the effect of infraction in the air below 
M, of which more hereafter and which always tends in 
some degree to increase that angle or render it more obtuse 
this 13 the angle measured by the dip sector Now, it is 
evident Ist that as tbe point M is more elevated above m, 
tbe point unmediately below it on tbe sphere tbe visible 
area t e the sphencal segment or slice N O P Q increases 
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2dly, thnt tho diatanco ol the visible Aom&tj' or boundary 
of our vievr Irooi tbo eye, viz., the line II N, increases; 
and, 8dly, that tho angle K M Q becomes less ohtu*«, or, m 
other words, tho apparent angular diameter of tho earth 
diminiahe'*, being nowhere eo great as ISO®, or two right 
angles, but falling ’short of it by some sensible quantity, 
and that more and more tho higher we ascend. The figure 



exIubilB tlir«‘»‘ stiic^ or of <>b«rition, with the honson, 

ell , lornuniiKiin.; to «-i h, a gUiue ■»l whiih will rsp'iin 
our Ml* minv' , or limitimr lo lie ami nf "e 

ilUUiii t \| K I* ij. b r the reaiS* r ii u N M, M Q 7 

to U* th^i two It ^ ^ of (\ ruler join*».<l at M, a- I t.i 5 1 ext-'u h <1 
by the >!><» n Q I ctwe. n then It n cVi*, that ** t’-*? 
I'int M n uiv«“'l home i.twaot the •urfa<f, the wj’l 
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open, and the ruler ■mil become more nearly itraighi, but 
will not attain •perfect straightness till M xs brought fairly 
up to contact with the surface at m, m which case its whole 
length will become a tangent to the sphere at m, as is the 
line ® y 

(23 ) This explains what is meant by the dip of (he liori 
zon. M m, which is perpendicular to the general surface of 
the sphere at m, is also the direction in which a •plumb line* 
would haug, for it is an observed fact, that m all situations, 
in every part of the earth, the direction of a plumb line is 
exactly perpendicular to the surface of still water, and, 
moreover, that it is also exactly perpendicular to a line or 
surface truly adjusted by a Suppose, then, 

that at our station M we were to adjust a hue (a wooden 
ruler, for lustaoce) by a spirit level, with perfect exactness, 
then, if we suppose the direction of this line indeflmtely 
prolonged both ways, as X M T, the line so drawn will be 
at right angles to At m, and therefore parallel to ® m y, the 
tangent to the sphere at m A spectator placed nt Af will 
therefore see not only all the vault of the sky above this 
line, as X Z Y, but also that portion or zone of it which 
lies belweeu X N and Y Q, in other words, liis sky will bo 
more than a hemisphere by the zone Y Q X N It is the 
angular breadth of this rcduodant zone — the angle Y M Q, 
by which the naible horizon appears depressed below the 
direction of a spirit level — that is called the dip oj the hon 
zon It IS a correction of constant use in nautical as- 
tronomy 

(24 ) From the foregoing explanations it appears, Ist, 
That the general figure of the earth (so far as it can bo 


* Seo Uic^ loalrunenu dwefibod ia Chap. HL 
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gathered from this ktod ot observation) U that of a sphere 
or globe. In this also inclade that of the sea, tvhich, 
wherever it c:itead 3 , covera and fills in those inequalities 
and local irregularities which exist on land, but which can 
of course only be regartfed as trifling deviations from the 
general outline of the wUolo mass, as we consider an orange 
not the less ronnd for the roughness on its rind. 2 dlj, That 
the appearance of a tisible horizon, or aea'ClTing, is a conse- 
quence ot the curvature of the aurfacc, and docs not arise 
from the inability of the eye to follow objects to a greater 
distance, or from atmospherio indistinctness. It will bo 
worth while to pursue the general notion thus acquired into 
Bome of its consequences, by which its consistency with 
obaeirations of a diilercot kind, and on a larger scale, will 
be put to the test, and a clear conception bo formed of the 
manner in which the parts of the earth are related to each 
other, and held together ns a whole 

( 25 .) In the first place, then, every one who bos passed 
a little while at the seaside is aware that objects may bo 
seen perfectly well beyond the offing or visible horizon— 
hut not the wholt of them. 

"We only see their upper 
parts Their bases where 
they rest on, or rise out 
of the water, are bid from 
view by the spherical sur- 
face of the sea, which pro- 
trudes between them and ourselves. Suppose a ship, for 
instance, to sail directly away from our station. At first, 

tfe* divataua® of tfe* ia wsxA, a 4pec.V2.t105, S, 
situated at some certain height above the sea, sees the 
whole of the ship, even to the toatfr line where it rests on 
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the sea, as at A As it recedes it dimmishes, it is true, m 
apparent size, but still ihau^koh is seen down to the water 
hoe, till It reaches the horizon at B But as soon as 

It has passed this distance, not only does the visible por- 
tion still continue to dimmish in apparent size, but the hull 
begins to disappear bodily, as if sunk below the surface 
When It has reached a certain distance, as at C, its hulF 
has entirely aanished, but the masts and sails remain, pre- 
senting the appearance c But if, m this state of things, 
the spectator quickly ascends to a higher station, T, whose 
visible horizon is at D, the hull comes vagain in sight, and, 
when be descends again, he loses it The ship still reced 
ing, the lower sails seem to sink below the water, as at d, 
and at length the whole disappears, while yet the distinct 
ness with which the last portion of the sail d is seen is such 
as to satisfy us that were it not for the interposed segment 
of the sea, A B 0 P E. the distance T E is not so great as 
to have prevented an equally perfect view of the whole 
(26 ) The history of aeronautic adventure affords a ouri 
ouB illustration of the same principle The late Mr Sadler, 
the celebrated aeronaut, ascended on one occasion in a bal 
loon from Dublin, and was wafted across the Irish Channel, 
when, on his approach to the Welsh, coast, tbo balloon de 
sceoded nearly to the surface of the sea By this time the 
sun was set, and tUe shades of eveaing began to close in 
Ho threw out nearly all his ballast, and suddenly sprang 
upward to a great height, and by so doing brought his hori 
zoD to dip below the sun, producing the whole phenomenon 
of a western sunrise M Charles in his memorable ascent 
from Paris in 178S witnessed the same phenomenon 

(27 ) H we could measure the heights and exact distance 
of two stations which could barely be discerned from each 
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Other over the edge of the horizon, vre could ascertain the 
actual size of the earth itself and, in fact, were it not for 
the effect .of refraction, by which wc are enabled to sec m 
some small degree round the interposed segment (as will be 
hereafter explained), this would bo n tolerably good method 
of ascertaining it Suppose A and B to be two eminences, 
'•whose perpendicular heights A o and B b (which, for sim 
plvcity, we will suppose to be exactly equal) arc known, as 
well as their exact horizontal in 
terval a D i, b) measurement, 
then It 13 clear that D, the visi 
ble horizon of both, will he just 
half way between them, and if 
we suppose a D d to be (be 
sphere of the earth, and C its centre in the figure 
C I) 6 B, we know D b the length of the arch of the 
circle between B and b— viz , half the measured interval, 
and & B, the excess of its secant above its radius— which 
IS the height of B — data which, by the solution of an easy 
geometrical problem, enable us to hnd the length of the 
radius DC If, as is really tbe case we suppose both the 
heights and distance of the stations inconsiderable in com 
pansoD with tbe size of the earth, the solution alluded to 
IS contained in the following proposition 

77te tarth a diameter bears the same proportion to the dis 
tance of the visible horizon from the e je as that distance does 
to the height of the eye above the sea level 

When the stations are unequal lu height, the problem 
IS a little more complicated 

(28) Although as we have observed, the effect of re 
fraction prevents this from being an exact method of ascer 
taming tbe dimensions of the earth, yet it will salhce to 
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afford Buct an approximation to it as shall be of use lo the 
present stage of the reader s knowledge and help him lo 
many just conceptions, on -which account we shall exemplify 
Its application in numbers Now, it appears by observation 
that two points each ten feet above the surface, cea«o to 
be visible from each other over still water, and in average 
atmospheric circumstances at a distance of about 8 miles* 
But 10 feet is the 528th part of a mile, so that half that 
distance or 4 miles is to the height of each as 4x528 or 
2112 1 and therefore m the same proportion to 4 miles 
is the length of the earth a diameter It must, therefore, 
be equal to 4x 2112=8448 or, in round numbers about 
8000 miles which is not very far from the truth 

(29) Such is the first rough result of an attempt to 
ascertain the earth e magnitude, and it will not be amiss 
if we take advantage of it to compare it with objects vre 
have been accustomed to consider as of vast size so as 
to interpose a few steps between it and our ordinary ideas 
of dimension We have before likened the inequalities 
on the earth s surface arising from mountains valleys, 
buildings, etc to tho ronghnesses on the rmd of an orange, 
compared with its general mass The oDinpaTisou is quite 
free from exaggeration Tho highest mountain known 
hardly exceeds fire miles in perpendicular elevation this 
13 only one 1600th part of the earth s diameter conse 
quently on a globe of sixteen inches in diameter, such 
a mountain would bo represented by a protuberance of no 
more than one hundredth part of an inch which is about 
the thicl ness of ordinary drawing paper Now, as there 
IS DO entire continent or even any very extensive tract of 
land known whose general elevation above the sea is any 
thing like half this quantity, it follows, that if we would 
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constract a correct model of our earth, with its seas, con 
tiDCQts, and moantaios, on a globo sistccn inches m di&m 
eter, the whole of the land, with the exception of a few 
prominent points and ndges, must ho comprised on it 
within the thickness of tbm writing paper, and the highest 
hills would be represented by the smallest visible grains 
*of sand 

(SO ) The deepest mine existing docs not penetrate half 
a mile below the surface a scratch, or pm hole, duly rep 
resenting it, on the surface of such a globe as our model, 
would be imperceptible without a magnifier 

(31 ) The greatest depth of sea, probably, does not very 
much exceed the greatest elevation of the continents, and 
would, of course, be represented by an excavation, m abont 
the same proportion, into the substaDco of the globo so that 
the ocean comes to be conceived as a mere film of liquid, 
such as, on our model, would be left by a brush dipped m 
color, and drawn over those parts intended to represent the 
sea, only, in so conceiving it, we must bear in mind that 
the Tesemblance extends no further than to proportion m 
point of quantity The mechsmcal laws which would reg 
ulate the distribution and movements of such a film, and 
its adhesion to the surface, are altogether different from 
those which govern the phenomena of the sea 

(32 ) Lastly, the greatest extent of the earth s surface 
which has ever been brought at once within the range of 
human vision was that which, but for clouds would ha\o 
been exposed to the view of Messrs Glaisher and Coxudl, 
in their balloon ascent of September 6, 1863 to the enor 
moas height of seven miles To estimate the proportion 
of the area visible from this elevation to the whole earth's 
surface, we must have recourse to the geometry of the 
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sphere, which informs na that the convex surface of a 
spherical segment is to the whole surface to which it be- 
longs ns the thickness of the segment is to the diameter 
of the sphere; nnd further, that this thickness, in the case 
wo are considering, ia almost exactly equal to the perpen- 
dicular elevation of the point of sight above the surface. 
The proportion, therefore, of tho visible area, m this ca‘5e,' 
to tho whole earth’s surface, is that of seven miles to 8000, 
or X to 1140 The portion visible from .d3tna, tho Peak of 
Tenoriile, or itowna Roa, is about ono 4000tb. 

(33.) When we ascend to any very considerable eleva- 
tion above tbo surface of tbe cartli, uithor m n balloon, or 
on mountains, wc are made aware, by many uneasy sensa- 
tions, of nn insuOlcieDt supply of otr. Tbe barometer, an 
instrument which informs us of the weight of air incumbent 
on a given horizontal surface, confirms this impression, and 
affords a direct measure of tho rate of diminution of the 
quantity of air which a given space includes as we recede 
from the surface. From its indications we learn, that when 
we have ascended to the height of 1000 feet, we have left 
below us about one thirtieth of the whole mass of the atmos- 
phere — that at 10,600 feet of perpendicular elevation (which 
IS rather less than that of the summit of j£tna') we have 
ascended through about one-tbird; and nt 18,000 feet (which 
is nearly that of Cotopaxi) through one-half the matewaJ, 
or, at least, the pouderable body of air incumbent on the 
earth’s surface. From the progression of these numbers, 
as well as, il ■priori, from the nature of the air itself, which 
IS compressible, t e , capable of being condensed or crowded 


‘ The height o( aboTO tbe Uediten-aaeea (as It results from a bsro 
metrical measurement of xaj owb, made in Julj. 1824, under tsi^ favorable 
ctrcamaMQces) is 10.812 En^iehleet.— 
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into a smaller space m proportion to tbo incambcnt press* 
nre, it is easy to sec that, allhoagh bj rising still higher, 
wc should continually get abo\o more and more of the air, 
and so relieve ourselves more and more from the pressure 
'With which It weighs upon ua, yet the amount of this addi* 
tional relief, or the pondtrahle quantity of air surmounted, 
troold be by no means in proportion to the additional height 
ascended, but in a constantly decreasing ratio An easy 
calculation, however, founded on our experimental knowl- 
edge of the properties of air, and the mechanical laws which 
regulate its dilatation and compression, is sufBcient to show 
that, at an altitude above the surface of the earth not ex 
ccediog the hundredth part of its diameter, the tenuity, or 
rarefaction, of the air must be so excessive, that not only 
animal life could not subsist, or combustion be maintained 
m It, bat that the most delicate means we possess of ascor 
taming the existence of any air at all would fail to afford 
the slightest perceptible indicatioos of its preseace 

(84 ) Laying out of consideration, therefore, at present, 
all nice questions as to the probable existence of a dcfioite 
limit to the atmosphere, boyoad which theeo is, absolutely 
and rigorously speaking, no air, it is clear, that, for all 
practical purposes, we may speak of those regions which 
are more distant above the earth’s surface than the huu- 
dredth part of its diameter as void of air, and of course of 
clouds (which are nothing bat visible vapors, diffused and 
fioating in the air, sustained by it, and rendering it turlid 
as mud does water) It seems probable, from many indica- 
tions, that the greatest height at which visible clouds eier 
exist does not exceed ten miles,, at which height the density 
of the air is about an eighth part of what it is at the level 
of the sea 

ASTRONOUT— Yoi XIX— 3 
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(35 ) We are thus led to regard the atmosphere of air, 
vnth the oloada it supports, as coustitating a coating of 
equable or nearly equable thickness, enveloping our globe 
on all sides , or rather as an aenal ocean, of -which the sur 
face of the sea and land constitutes the bed, and whose in 
ferior portions or strata, within a few miles of the earth, 
contain by far the greater part of the whole mass, the den' 
sity diminiahiDg with extreme rapidii/ as we recede upw'ird, 
till, within a very moderate distance (such as wonld be rep 
resented by the sixth of an inch on the model we have be 
fore spoken of, and which is not more m proportion to the 
globe on which it rests, than the downy skin of a peach 
in comparison with the fruit within it) all sensible trace 
of the existence of air disappears 

(86 ) Arguments, however, are not wanting to render it, 
if not absolutely certain, at least in the highest degree prob 
able that the surface of the aenal like that of the aqueous 
ocean, has a real and definite limit, as above hinted at, be 
yond which there is positively no air, and above which i 
fresh quantity of air, could it be added from without or 
earned aloft from below, instead of dilating itself inde 
finitely upward, would, after a certain very enormous but 
still finite enlargement of volume, sink and merge os water 
poured into the sea and distnbule itself among the mass 
beneath With the ttuib of this conclusion, however, as 
tronomy has little concern, oil the effects of the atmosphere 
ID modifying astronomical phenomena being the same 
whether it be supposed of definite extent or not 

(37 ) Moreover, whichever idea we adopt, within those 
limits IQ which it possesses any appreciable density its con 
Btitution IS the same oier all points of the earths surface 
that is to say, on the great scale, and leaving out of con 
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sidcration tcmporarj and local causes of derangement, sttch 
as \nnds, and great fluctuations, of the nature of tvayes, 
^hich prevail in it to an immenao extent In other words, 
the law of diminution ol Iho air's density os wo recede up 
ward /rom the leiel of the tea is the same in e^ery column 
into which we may conceive it divided, or from whatever 
lioint of the surface we may set out It may therefore bo 
considered us consisting of successively superposed strata 
or layers, each of the form of a spherical shell concontrio 
with the general surface of the sea and land, and each of 
which 13 rarer, or specifically lighter, than that immediately 
beneath it, and denser, or specifically heavier, than that im 
mediately above it This, at least, is the kind of distnbu 
tion which alone would be consistent with the laws of the 
equilibrium of fluids Inasmuch, however, as the atmos 
pherc IS cot in perfect equilibrium, being always kept m 
a state of cireulatiou, owing to the excels of* heat in its 
equatorial regions over that at the poles, some slight dcvia 
tion from the rigorous expression of this hw takes place, 
and in peculiar localities there is reason to believe that even 
coQSJcleraWe permaoeut depresetoas of the coatoura at these 
strata, below their general or spherical level, subsist But 
these are points of consideration rather for the meteorologist 
than the astronomer It must be observecl, moreover, that 
with this distribution of its strata the inequalities of moun 
tarns and valleys have little concern These exercise hardly 
more influence in modifying their general spherical figure 
than the inequalities at tbe bottom of the sea interfere with 
the general sphericity of its surface They would exercise 
absolutely none were it not for their effect in^ivin^ another 
than horizontal direction to the currents of iir constituting 
winds, as shoals in the ocean throw up the currents which 
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8?veep over them toward the surface, and so in some smalJ 
degree tend to disturb tiio perfect level of that surface 

(88 ) It 13 the power which air possesses, in common 
with all transparent media, of refracting the rays of light, 
or bending them out of their straight course, which renders 
a knowledge of the constitution of the atmosphere important 
to the astronomer Owing to this property, objects seeh 
obliquely through it appear otherwise situated than they 
would to the same spectator, had the atmosphere no exist 
ence It thus produces a false impression respecting their 
places, which must be rectified by ascertaining the amouat 
and direction of the displacement so apparently produced 
on each, before we can come at a knowledge of the true 
directions in which theyare situated from us at any assigned 
moment 

(89 ) Suppose a spectator placed at A, any point of the 
earth’s surface K A I-, and let L f, H m, N n, represent the 
successive strata or layers, of decreasing density, into which 
we may conceive the atmosphere to be divided, and which 
are spherical surfaces cooceotne with K the earth s sur 
face Let S represent a star, or other heavenly body, be 
yond the utmost limit of the atmosphere Then, if the air 
were away, the spectator would see it in the direction of the 
straight line A S But, id reality, when the ray of light 
S A reaches the atmosphere, suppose at d, it will, by the 
laws of optics, begin to bend dovmward, and take a more 
inclined direction, as <2 e This bending will at first be im 
perceptible, owing to the extreme tenuity of the uppermost 
strata, but as it advances downward, the strata continually 
increasing in density, it will continually undergo greater 
and greater refraction in the same direction, and thus, la 
stead of pursuing the straight line S d A, it will describe a 
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carve S d c i a, coatinnally more and more concave down- 
ward, and wiU reach the earth, not at A, bat at a certain 
point a, nearer to S. Thu ray, consequently, will not reach 
the spectator’s eye. The ray by which ho will see tho star 
is, therefore, not S d A, but another ray which, had there 
been no atmosphere, would have struck the earth at £, a 
point heJdnd tho spectator; but which, being bent by the air 
into tho curve S D C B A, actually strikes on A. Ifow, it 



is a law of optics, that an object is seen in the direction 
which the visual ray has at the instant of arrtvtng at t?ie 
eye, without regard to what may have been otherwise its 
course between the object and the eye. Hence the star S 
will be seen, not in the direction A S, but in that of A a, 
a tangent to the curve S I) C B A, at A. But because the 
curve described by the refracted ray is concave downward,, 
the tangent As viU lie ahote A S, the unrefracted ray; 
consequently the object S will appear more elevated above 
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the horizon A H, when aeon through the refracting atmos 
phere, than it would appear wero there no suoh atmosphere 
Since, however, the disposition of the strata is the same m 
all directions around A, the visual raj will not be made to 
deviate laterally, but will remain eonstantlj in the same 
vertical plane, SAC, passing through the eye, the object, 
and the earth’s centre • 

(40 ) The effect of the air’s refraction, then, is to raise 
all the heavenly bodies higher above the horizon m appear 
anoe than they are m reality Any such body, situated 
actually tn the true horizon, will appear ahote it, or will 
have some certain apparent aliitude (as it is called) Nay, 
even some of those actually below the horizon, and which 
would therefore be invisible but for the effect of refraction, 
are, by that effect, raised above it and brought into sight 
Thus, the sun, when situated at F below the true horizon, 
A H, of the spectator, becomes visible to him, as if it 
stood at p by the refracted ray P j r i A, to which A p 
IS a tangent 

(41 ) The exact estimation of the amount of atmospheric 
refraction, or the strict determination of the angle S A a ^y 
which a celestial object at any assigned altitude H A S is 
raised in appearance above its true place is unfortunately, 
a very difficult subject of physical inquiry, and one on 
which geometers (from whom alone we can look for any 
information on the subject) are not yet entirely agreed 
The difficulty arises from this, that the density of any 
stratum of air (on which its refracting power depends) is 
affected not merely by the sapenneumbent pressure, bnt 
also by its temperature or degree of heat Now, although 
we know that as we recede from the earth s surface the 
temperature of the air is constantly diminishing, yet the 
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law, or amount of ibis dimination nt (UfTerent heights, is 
not yet fuUy ascertained Moreover, the refracting power 
of air IS perceptibly affected by its mouiure, and this, too, 
IS not the same in every part of an aerial column, neither 
are vro acquainted with the laws of its distribution The 
consequence of our ignorance on these points is to introduce 
a corresponding degree of uncertainty into the determma 
tion of the amount of refraction, which affects, to a certain 
appreciable cTtent, our knowledge of several of the most 
important data of astronomy The uncertainty thus in 
duced 13, however, confined within such ver} narrow limits 
as to be no cause of embarrassraent, except in the most 
delicate inquiries, and to call for no further allusion in a 
treatise like the present 

(42 ) A “Table of Refractions as it is called or a 
statement of the amount of apparent displacement arising 
from this canse, at all altitudes, or in every situation of a 
heavenly body, from the horizon to the zenith* (or point 
of the sky vertically above the spectator) and under all 
the circamstanccs in which astronomical observations are 
usually performed which may toRueucc the result is one 
o! the most important and indispeoBable of all astronomical 
tables, since it is only by the use of such a table we arc en 
abled to get nd of an illusion which must otherwise pervert 
all our notions respecting the celestial motions Such have 
been, accordingly, coastmeted with great care, and are to 
be found in every collection of astronomical tables Our 
design, in the present treatise, will not admit of the intro 
d action of tables, and we must, therefore, content ourselves 


* from an Arab c vord of ibla ■ gniflcabon Seo thja term techn csllr 
defined In Chap fl 
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here, and in similar cases, vnth referring the reader to works 
espcciallj destined to farnisli these usofal aids to calcula 
tioQ It 13, however, desirable that ho should bear in mind 
the following general notions of its amount, and law of 
variations 

(43 ) 1st In the smith there is no refraction A celcs 
tial object, situated vertically oterhead, is seen m its true* 
direction, as if there were no atmosphere, at least if the air 
be tranquil 

2dly In descending from the to the horizon, the 

refraction continually increases Objects near the honzon 
appear more elernlcd by it above their true directions than 
ihost at a lugli altitude 

8(11} The rate of its increase n* nearly in proportion to 
the tangent of the apparent angular distance of the object 
from the zenith Dut this rule, which is not far from the 
troth, at moderate lenuJt tUstantts, ceases to give correct 
results in the MCinit> of the horizon, where the law tc' 
comes much more complicated in its expression 
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5thly. That when the barometer is higher than its aver- 
age or mean state, the amount of refraction is greater than 
its mean amount; when lower, leas: and, 

6tbly. That for one and the same reading of tho barome- 
ter the refraction is greater, the colder tho air. Tho varia- 
tions, owing to these two causes, from its mean amount (at 
•temp 65*, pressure 30 inches), arc about one 420th part of 
that amount for each degree of the thermometer of Fahren- 
heit, and one 800th for each tenth of an inch in tho height 
of tho barometer. 

(44 ) It follows from this, that one obvious effect of 
refraction must bo to Bhorien the duration of night and 
darkness, by aclnaUj prolonging the slay of the sun and 
moon above the horizon But even after they are set, the 
influence of the atmosphere still continues to send us a por- 
tion of their light; not, indeed, by direct transmission, but 
by rejleclion upon the vapors and minute solid particles 
which float in it, and, perhaps, also on the actual material 
atoms of the air itself. To understand how this takes 
place, we must recollect, that it is not only by the direct 
light of a luminous object that we see, but that whatever 
portion of its light which would not otherwise reach our 
eyes is intercepted in its course, and thrown back, or lat- 
erally, upon us, becomes to us a means of illumination. 
Such refiectire obstacles always exist floating in the air. 
The whole course of a sunbeam penetrating through the 
chink of a window-shutter into a dark room is visible ns a 
bright line in the air. and even if it be stifled, or let out 
through nn opposite crevice, the light scattered through the 
apartment from this source is sufflcieut to prevent entire 
darkness in the room The luminous lines occasionally 
seen in the air, in a aky full of partially broken clouds, 
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•which the vtilgar tenn “the sun drawing water,” are simi- 
larly caused. They are sunbeams, through apertures in 
clouds, partially intercepted and reflected on the dust and 
vapors of the air below. Thos it is with those solar rays 
which, after the sun is itself concealed by the convexity of 
the earth, continue to traverse the higher regions of the at- 
mosphere above our heads, and pass through and out of it,* 
■without directly striking on the earth at all. Some portion 
of them IS intercepted and reflected by the floating particles 
above mentioned, and thrown back, or laterally, so as to 



reach us, and afford us that secondary illumination, which 
is twdight. The coarse of such raja will be immediately 
understood from the above figure, m which A B 0 1) is the 
earth; A a point on its surface, where the son S is in 
the act of eetting: its last lower ray SAM just grazing the 
surface at A, while its superior ra^s S N, S O, traverse the 
atmosphere above A without striking the earth, leaving it 
finally at the points P Q R, after being more or le«s bent in 
passing through it, the lower most, the higher less, and that 
which, like S R O, merely grazes the exterior limit of the 
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atmosphere, not at all Let us consider several points, A, 
B, C, B, each moro remote than the last from A, and each 
more deeply involved in the earth's shadow, which occupies 
the whole space from A beneath the line A il Now, 
A just receives the sun’s last direct ray, and, besides, is 
illuminated by the whole reflective atmosphere P Q R T 
•It therefore receiNCs twilight from the whole sky The 
point B, to which the sun has set, receives no direct solar 
light, nor any, direct or reflected, from all that part of its 
visible atmosphere which is below A P M, but from the 
lenticular portion P R x, which is traversed by the sun’s 
rays, and which lies above the visible honron B R of B, 
It receives a twilight, which la strongest at R, the point im 
mediately below which the sun is, and fades awaj gradually 
toward F, as the luminous part of the atmosphere thins oS 
At C, only the last or thinnest portion, P Q a of the Ion 
ticular segmeut, thus illuminated lies shove the honzon, 
0 Q of that place, here, then the twilight is feeble, and 
confined to a small space lo and near the horizon which 
the 8UU has quitted, while at D the twilight has ceased 
altogether 

(46 ) When the sun is above the horizon, it illuminates 
the atmosphere and clouds, and these again disperse and 
scatter a portion of its light in all directions so as to send 
some of its rajs to every exposed point from everj point 
of the sky The generally diffused light therefore, which 
we enjoy in the daytime, is a phenomenon originating in 
the very same causes as the twilight Were it not for the 
reflective and scattering power of the atmosphere no objects 
would be visible to ns out o£ direct sunshine every shadow 
of a passing cloud would bo pitchy darl ness, the stars 
would be visible all day, and every apartment, into which 
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the 8UQ Lad not direct admission, would be involved in noc 
tnrnal obscurity This scattering action of the atmosphere 
on the solar bght, it should be observed, is increased by 
the irregalantj of temperature caused by the same luminary 
in Its different parts, which, during the daytime, throws it 
into a constant state of undulation, and, by thas bringing 
together masses of air of very unequal temperatures, pro 
duces partial reflections and refractions at their common 
boundanes, by which some portion of the light is tamed 
aside from the direct course, and diverted to the purposes 
of general illumination A secondary twilight, however, 
may be traced even beyond the point D, consequent on a 
re reflection of the rays dispersed through the atmosphere 
lu the primary one The phenomenou seen id the clear 
atmosphere of the l^ubtao desert, described by travellers 
under the name of the After glow,** would seem to arise 
from this cause 

(46 ) From the explauation we have given, in arts 89 
and 40, of the nature of atmospheric refraction, and the 
mode in which it is produced in the progress of a ray of 
light through successive strata or layers, of the atmosphere. 
It will be evident, that whenever a ray passes obliquely from 
o higher level to n lower one, or ttce ttrsd, its course is not 
rectilinear, but concave downward, and of course any ob 
ject seen by means of such a riy, mast appear deviated 
from Its true place, whether that object be, like the celestial 
bodies, entirely beyond the atmosphere, or, hko the summits 
of mountains seen from the plains, or other terrestrial sla 
tions It different levels seen from each other, immersed 
in it. Every difference of level, accompaniel as it must 
be with a difference of density m the aenil strata, must 
also have, corresponding to it, a certain amount of refrao 
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tion; less, indeed, than what wotild he prodnced bj the 
tchole atmosphere, bat still often of very appreciable, and 
even considerable, amount. This refraction between terres- 
trial stations is termed terrestrial rf/raction, to distinguish it 
from that total effect which is only produced on celestial 
objects, or such as are beyond the atmosphere, and which 
is called celestial or astronomical refraction. 

(47 ) Another effect of refraction is to distort the visible 
forms and proportions of objects seen near the horizon. The 
sun, for instance, which at a considerable altitade always 
appears round, assumes, as it approaches the horizon, a 
flattened or oral outline, its honzontal diameter being 
visibly greater than that in a vertical direction "When 
'\ery near the horizon, this flattemog is eiidently more 
considerable on the lower side than on the upper; so that 
the apparent form is neither circular nor elliptic, but a 
species of oval, abich deviates more from a circle below 
than above This singnlar effect, which any one may notice 
in a fine sunset, anses from the rapid rate at which the re 
fraction increases in approaching the horizon Were every 
visible point in the sun’s circumference equally raised by 
refraction, it would still appear circular, though displaced; 
but the lower portions being more raised than the upper, 
the vertical diameter is thereby shortened, while the two 
CTtremities of its honzontal diameter are equally raised, 
and in parallel directions, so that its apparent length re- 
mains the same The dilated size (generally) of the sun or 
moon, when seen near the horizon, beyond what they appear 
to have when high up in the sky, has nothing to do with 
refraction It is an illusion of the lodgment, arising from 
the terrestnal objects interposed, or placed m close com 
parison with them In that situation we view and judge of. 
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them as wo do of tcrreatnal objects — m detail, and with 
an acquired habit of attcDtion to parts Aloft wo have no 
associations to guide us, and their insulation in tho expanse 
of skj leads us nther to underraluc than to overrate their 
apparent magnitudes Actual measurement with n proper 
instrument corrccta our error, without, however, diapcUmg 
our illusion By this wo learn, that the sun, when just on 
tho horizon, subtends at our eyes almost exactly tho same, 
and tho moon a materially less angle, than when seen at a 
great altitude in tho sky, owing to its greater distance from 
us in the former situation as compared with the latter, os 
will bo explained further on 

(48 ) After what has been said of the small extent of 
tho atmosphere m comparison with the mass of tho earth, 
wo shall have little hesitation m admitting those luminaries 
which people and adorn the sky, and which, while they 
obviously form no part of the earth, and receive no support 
from It are yet not borno along at random like clouds upon 
the air, nor drifted by the winds to be oxternal to our 
atmosphere As such we havo considered them while 
speaking of their refractions — os existing m the immensity 
of space beyond and situated perhaps for anything we can 
perceive to the contrary, at enormous distances from us and 
from each other 

(49 ) Could a spectator exist unsuatamed by the earth, 
or any solid support he would see around him at one new 
the whole contents of space — the visible constituents of the 
universe and, in the absence of any means of judging of 
their distances from him would refer them in the directions 
in which they were seen from hi8 station, to the concave 
surface of an imaginary sphere, having Jiia eye for a centre, 
and its surface at some vast indeterminate distance Per 
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haps ho might judge those which appear to hun large and 
bright, to bo nearer to him than the smaller and less bnl 
liant, but, independent of other means of judging, he would 
have no warrant for this opinion, any more than for the idea 
that all were equidistant from him, and really arranged on 
such a spherical surface Netcrtheless, there would be 
ho impropriety m his referring their places, georaetneaUy 
speaking, to those points of such a purely imaginary sphere, 
which their respective visual rays intersect, and there would 
be much advantage in so doing, as by that means their ap 
pearance and relative situation conld be accurately meas 
ured, recorded, and mapped down The objects m a land 
scape are at every variety of distance from the eye, yet we 
lay them all dona in a picture oa one plane, and at one 
distance, m their actual apparent proporUonB and the like 
ness IS not taxed with incorrectness, though a man in the 
foreground should be represeuted larger than a mountain 
in the distauce So it is to a spectator of the heavenly 
bodies pictured, projected, or mapped down on that imagi 
nary sphere we call the sky or heaten Thus, we may easily 
conceive that the moon, which appears to us as large as the 
sun, though less bright, may owe that apparent equality to 
its greater proximity, and may be really much le«3 while 
both the moon and sun may only appear larger and bnghter 
than the stars, on account of the remoteness of the latter 
(oO ) A spectator on the earth s surface is prevented, by 
the great mass on which he stands, from seeing into all that 
portion of space which is below him, or to see which he 
must look m any degree downward It is true that if his 
place of observation he at a great elevation, the dip of the 
horizon will bring within the scope of vision a little more 
than a hemisphere and refraction, wherever he may bo 
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situated, will enable him to look, as it were, a little round 
the corner; but the zone thus added to his visual range can 
hardly ever, unless in very extraordinary circumstances, 
exceed a couple of degrees in breadth, and is always ill 
seen on account of the vapors near the horizon. Unless, 
then, by a change of his geographical situation, he should 
shift his horizon (which is always a plane passing through 
his eye, and touching the spherical convexity of the earth); 
or unless, by some movements proper to the heavenly 
bodies, they should of themselves come above his horizon; 
or, lastly, unless, by some rotation of the earth itself on its 
centre, the point of its surface which he occupies should be 
carried round, and presented toward a different region of 
space, he would never obtain a sight of almost one'half 
the objects eitternal to our atmosphere. But if any of these 
cases be supposed, more, or all, may come into view accord* 
ing to the circumstances. 

(61 ) A traveller, for example, shifting his locality on 
our globe, will obtain s view of celestial objects invisible 
from his original station, in a way which may be not inaptly 
illustrated by comparing him to a person standing m a park 
close to a large tree. The massive obstacle presented by its 
trunk cuts oS his view of all those parts of the landscape 
which It occupies as an object; but by walking round it a 
complete successive view of the whole panorama may bo 
obtained Just in the same way, if we set off from any 
station, as London, and travel southward, we shall not fail 
to notice that many celestial objects which are never seen 
from London come successively into view, as if rising up 
above the horizon, night after night, from the south, al- 
though It js in reality onr horizon, which, travelling with 
us southward round the sphere, sinks in succcasion beneath 
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them The novelty and splendor of fresh constollalions 
thus gradually brought into view in the clear calm nights 
of tropical climates, id long voyages to tho sonth, is dwelt 
upon by all who have enjoyed this spectacle, and never 
fails to impress itself on the recollection among the most 



delightlol and interesting of the associations connected with 
extensive travel A glance at the accompanying figure, 
cxbibitmg three successive stations of a traveller, A, B, C, 
with the horizon corresponding to each, will place this 
process in clearer evidence than any description 

(52 ) Again sapposc tbc earth its&li to have a motion 
of rotation on its centre It is evident that a spectator at 
rest (as it appears to him) on any part of it will, unper* 
ceived by himself, be earned round with it unperceived, 
we any, becanse his horizon will constantly contain, and bo 
limited by, tho same terrestrial objects lie will have tho 
same landscape constantly before his ojes, in which all 
the familiar objects in it, which serve him for landmarks 
and directions, retain with respect to himself or to each 
other, the same invariable situations The perfect smooth 
nesa and equality of tho motion of so vast a mass, in which 
every object he sees around him participates alike, will (art 



OUTLINES OF ASTRONOMY 


16) prevent hia entertainiDg any Buspicion of Jus actual 
change of place ■^Yet, with respect to external objects— 
that 13 to saj?', all celestial ones which do not participate 
in the supposed rotation of the earth — his horizon will have 
been all the while shifting m its relation to them, precisely 
as in the case of our traveller in the foregoing article 
Recurring td the figure of that article, it is evidently the 
same thing, so far as their visibility is concerned, whether 
he has been earned by the earth’s rotation successively into 
the situations A, B, C, or whether, the earth remaining at 
rest, he has transferred himself personally along its surface 
to those stations Our spectator in the park will obtain 
precisely the same view of the landscape, whether he walk 
round the tree, or whether we suppose it sawed off, and 
made to turn on an upnght pivot, while he stands on a 
projecting step attached to it, aud allows himself to be 
earned round by its motion The only difference will be 
in his view of the tree itself, of which, in the former case, 
he will see every part but, lo the latter, only that portion 
of it which remains constantly opposite to him, and irame 
diately under his eye 

(63 ) By such a rotation of the earth, then, as we have 
supposed, the horizon of a stationary spectator will be con 
stantly depressing itself below those objects which he in 
that region of space toward which the rotation is carrying 
him, and ele\ating itself above those in the opposite quar 
ter, admitting into view the former, and successiiely hiding 
the latter As the horizon of every each spectator, bow 
ever, appears to him motionless all such changes wjll be 
referred by him to a motion in the objects themselves so 
ancccssively disclosed and concealed In place of his hon 
zon approaching the stars, therefore, be will judge the stars 
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to approach his horizon, and when it passes over and hides 
any of them, ho will consider them as having sunk helow 
It, or sei, while those it has ]ast disclosed, and from which 
It IS receding, will seenf to be rising above it 

(64 ) If we suppose this rotation of the earth to continue 
in one and the same direction — that is to say, to be per 
formed round one and the same oxm, till it has completed 
an entire revolution, and come back to the position from 
which It set out when the spectator began hts observations 
— it 13 manifest that everything will then be in precisely 
the same relative position as at the outset all the heavenly 
bodies will appear to occupy the same places in the concave 
of the sky which they did nt that instant, except such as 
may have actually moved m the interim, and if the rota 
tioD still continue, the same phenomena of their successive 
rising and settiog, and return to the same places, will con 
tinue to be repeated in the same order and (if the velocity 
of rotation be uniform) in equal intervols of time, oc2 tn 
Jimlum 

(55 ) Now, m this we have a lively picture of that grand 
pheuomenou, the most impoitant bejond all compariBOU 
which nature presents, the daily rising and setting of the 
sun and stars, their progress through the vault of the heav 
ens, and their return to the same apparent places at the 
same hours of the day and night The accomplishment of 
this restoration in the regular interval of twenty four hours 
IS the first instance we encotinter of that great law of perio 
dictfy,' which, as we shall see, pervades all astronomy, by 
which expression we understand the continual reproduction 
of the same phenomena, in the same order, at equal inter 
vals of time 


t Htf »i«< a gotnj round a c>rcnl«t ' 
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(56 ) A free rotation of the earth round its centre, if it 
exist and be performed m consonance with the same me 
chanical laws which obtain in the motions of masses of mat' 
ter under our immediate control, and within our ordinary 
experience, must be such as to satisfy two essential condi 
tions It must be invariable in its direction vnih respect to 
the sphere tUelf, and uniform in its velocity. The rotation 
must be performed round an axta or diameter of the sphere, 
vfhose poles or extremities, where it meets the surface, cor 
respond always to the same points on the sphere Uodea 
of rotation of a solid body under the induence of external 
agency are conceivahle, in which the poles of the imaginary 
line or axis about which it is at any moment revolving sball 
hold no fixed places on the surface, but shift upon it every 
moment Such changes, however, are inconsistent with the 
idea of a rotation of a body of regnlar fgure about its axis 
^ of symmetry, performed m free space, and without resist* 
ance or obstruction from any surrounding medium, or dis 
turbiDg influences The complete absence of such obslruo 
tions draws with it, of necessity, tbe stnct fulfilment of the 
two conditions above mentioned 

(67 ) Now, these conditions are in perfect accordance 
with what we observe, and what recorded obsenation 
teaches ns, in respect of the diurnal motions of the hcav* 
enly bodies Wo have no rcasoo to believe, from history, 
that any sensible change bos taken place sinco the earliest 
ages in the interval of time elapsing between two Bucce<»3ive 
returns of the same star to tbe same point of the sky, or, 
rather, it is dcmonstrablo from astronomical records that no 
such change has taken place And with respect to the other 
condition — the permanence of the axis of rotation — the appear 
nnces winch any alteration in that respect must produce, 
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would bo marked, aa we sball presently show, by a corre 
Bponding change of a %ery obvious kind m the apparent 
motions of the stars, which, again, history decidedly do 
dares them not to have undergone 

(58 ) But, before we proceed to examine more in detail 
how the hypothesis of the rotation of the earth about an 
axis accords with the phenomena which the diurnal motion 
of the heavenly bodies offers to oor notice, it will he proper 
to describe, with precision, in what that diurnal motion 
consists, and how far it is participated in by them all, or 
whether any of them form exceptions, wholly or partially, 
to the common analogy of the rest We will, therefore, 
suppose the reader to station himself, on a clear evening, 
just after sunset, when the first stars begin to appear, in 
some open situation whence a good general view of tbo 
heaveos can be obtained lie will then perceive, above 
and around him, as it were, a vast concave hemispherical 
vault, beset with stars of various magnitudes, of which the 
brightest only will first catch bis attention m the twilight 
and more and more will appear as the darkness increases, 
UU the whole sky la with them When he 

has a while admired the calm magnificence of this glorious 
spectacle, the theme of so much song, and of so much 
thought — a spectacle which no one can view without emo 
tion, and without a longing desire to know something of its 
nature and purport — let him fix his attention more particu 
latly on a few of the most bnlliant stars such as be cannot 
fail to recognize again without mistake after looking away 
from them for some time, and let him refer their apparent 
situations to some surronnding objects as buildings trees 
etc , selecting purposely sach ns nre lu different quarters of 
his horizon On comparing them again with their respec 
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tire points of reference, after a moderate interval, as the 
night advances, he will not fail to perceive that they have 
changed their places and advanced, as by a general move 
ment, in a westward direction, those toward the eastern 
quarter appearing to rise or recede from the horizon, while 
those which lie toward the west will be seen to approach it, 
and, if watched long enough, will, for the most part, finally 
sink beneath it, and disappear, while others, in the eastern 
quarter, will be seen to rise as if out of the earth, and, join 
mg in the general procession will take their course with 
the rest toward the opposite quarter 

(59 ) If he persist for a considerable time in watehing 
their motions, on the same or on several successive nights, 
he will perceive that each star appears to describe, as far as 
Its coarse lies above the horizon, a circle m the sky that 
the circles so described are not of the same magnitude for 
all the stars and that those described by different stars 
differ greatly m respect of the parts of them which he above 
the horizon Some which he toward the quarter of the 
horizon which is denominated the South * only remain for 
a short time above it and disappear, after describing m 
sight only the small upper segmeut of their diurnal circle, 
others, which rise between the south and cast, describe 
larger segments of their circles above the horizon remain 
proportionally longer xn sight and set precisely as far to 
the westward of south as they rose to the eastwird while 
such as rise exactly in the east remain just twelve hours 
visible, describe a semicircle, and set exactly in the vest 
"With those, again, which nse between the ea«t and north. 
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the same law obtains, at least, as far as regards the time o£ 
their remaining above the horizon, and the proportion of 
the visible segment of their diornal circles to their whole 
circnmferences Both go on increasing, the3 remain in 
view more than twelve honra, and their visible diurnal arcs 
are more than semicircles Bat the magnitudes of the cir 
cles themoelves diminish, as we go from the east, north 
ward, the greatest of all the circles being described b/ 
those which rise exactly in the east point Carrying his 
eye farther northward, he will notice, at length, stars 
which, in their diurnal motion, just graze the horizon at 
Its north point, or only dip below it for a moment, while 
others never reach it at all, but continne always above it, 
revolving in entire circfes round oke point called the pole, 
which appears to be the common centre of ill their motions, 
and which alone, in the whole heavens may be considered 
immovable Not that this point is marked by any star It 
IS a purely imaginary centre, but there is near it one con 
siderably bright star, called the Pole Star, which is easily 
recognized by the very small circle it describes, so small, 
indeed, that, without paying particular atUjntion, and refer 
ring its position very nicely to some fixed mark, it may 
easily be supposed at rest, and be itself, mistaken for the 
common centre about which all the others m that region 
describe their circles, or it may be known by its configura 
tion with a very splendid and remarkable ccnstellation or 
group of stars, called by astronomers the Great Bear 
(60 ) He will further observe, that the apparent relative 
situations of all the stars among one another, is not changed 
by their diurnal motion In whatever parts of their circles 
they are observed, or at whatever hour of the mght, they 
form with each other the same identical groups or configa 
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rations, to ■which, the name of constellations has been 
gi7en It IS true, that, in different parts of their course, 
these groups stand differently with respect to the horizon; 
and those toward the north, when in the courBe of their 
diurnal movement they pass alternately above and below 
that common centre of motion described in the lost article, 
become actually inverted with respect to the horizon, while, 
on the other hand, they always turn the same points toward 
the pole In abort, he will perceive that the whole assem 
blage of stars visible at once, or m succession, m the beav* 
ena, may be regarded as one great constellation, which 
seems to revolve with a uniform motion, as if it formed one 
coherent mass, or as if it were attached to the internal sor 
face of a vast hollow sphere, having the earth, or rather the 
spectator, m its centre, and turning round an axis inclined 
to hia horizon, so as to pass through that dxed point or poh 
already mentioned 

(61 ) Lastly, he will notice, if be have patience to out 
watch a long winter s night, commencing at the earliest 
moment when the stars appear, and continuing till morning 
twilight, that those stars which be observed setting m the 
west have again risen in the cast, while those which were 
rising when he first began to notice them have completed 
their course, and are now set, and that thus the hemisphere, 
or a great part of it, which was then above, is now beneath 
him, and its place supplied by that which was at first under 
his feet which he will thus discover to be no less copiously 
furnished with stars than the other, and bespangled with 
groups no less permanent and distinctly recognizable 
Thus he will learn that the great constellation we have 
above spoken of as re\olving round the polo is coextea 
Bive with the whole surface of the sphere, being in reahty 
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notbiQg less tbao a unn erse of luminaries surrounding tho 
earth on all sides, and brought in suceession before his 
vievr, and referred (each Inminarj' according to its oivn 
visual ray or direction from his eyo) to the imaginary 
sphencal surface, of which he himself occupies the cen 
tre (See art. 49 ) There is always, therefore (he would 
justly argue), a star bespangled canopy over his head, by 
day as well as by night, only that tho glare of daylight 
(which he perceives gradually to efface the stars as the 
morning twilight comes on) prevents them from being seen 
And such is really the case The stars actually continue 
visible throngh telescopes in the daytime, and, m proper 
tion to the power of the lostrument, not only the largest and 
brightest of them, but even those of inferior lostre, such as 
scarcely strike the eye at night as at all conspicuous, are 
readily found and followed even at noonday-sunless in that 
part of the sky which is very near the son — by those who 
possess the means of pointing a telescope accurately to the 
proper places Indeed, from the bottoms of deep narrow 
pits, sneh as a well, or the shaft of a mine, such bnght stars 
as pass the zemth may even he dtsceroed by the naked eye, 
and we ba\e ourselves heard it stated by a celebrated opti 
cian, that the earliest circumstance which drew bis attention 
to astronomy was the regular appearance, at a certain hour, 
for several successive days, of a considerable star, through 
the shaft of a chimney Venus in our climate and even 
Jupiter in the clearer skies of tropical countries are often 
visible, without any artificial aid, to the naked eye of one 
who knows nearly where to look for them During total 
-ethpsfts oS the sos, She JM^eT staxe also appear ju iheix 
proper situations 

(62 ) But to return to our incipient astronomer, whom 

ASTSOXOUT— Vol XIX — 4 
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we left oontemplatiQg the sphere of the heavens, as com 
pleted m imagination beneath his feet, and as rising up 
from thence in its diurnal coarse There is one portion 
or segment of this sphere of which he will not thus obtain 
a view As there is a segment toward the north, adjacent 
to the pole above his horizon, m which the stars never set, 
so there is a corresponding segment, about which tbh 
smaller circles of the more southern stars are described, 
lu which they never rise The stars which border upon the 
extreme circumference of this segment just graze the south 
ern point of his horizon, and show themselves for a few 
moments above it, precisely as those near the circumference 
of the northern segment graze bis northern horizon, and dip 
for a moment below it, to reappear immediately Every 
point m a spherical surface baa of course, another dmmet 
rically opposite to it, and as the spectator’s horizon divides 
hia sphere into two hemispheres — a superior and inferior-*- 
there must of necessity exist a depressed pole to the south, 
corresponding to the elevated one to the north, and a por 
tiQn surrounding it perpetually beneath, as there is another 
surrounding the north pole, perpetually above it 

H c vertex nob a eemper aubt me at Uum 
Sub pedibus BOX atm Twfet loanenque prorund ’ — ViROlt 
One pole rides b gb one pluoged benentb the main 
Seeks the deep n gbt and Plato a duakx re go 

(63 ) To get sight of this segment, he must travel south 
ward In so doing, a new set of phenomena come forward 
In proportion as he advances to the south, some of those 
constellations which at his original station, barely grazed 
the northern honzoo, wiU be observed to sink below it and 
set, at first remaining bid only for a very short time, but 
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gratlaally for a longer part of the twenty-foar hours. They 
will continue, however, to circulate about the same point — 
that is, holding the same mvariablc position tcil/t respect to 
them in the concave of the heavens among the stars; but 
this point itself will become gradually depressed with re* 
sped to the spectator’s horizon. The axis, in short, about 
whieh the diurnal motion is performed, will appear to have 
become continually less and less inclined to the horizonj 
and by the same degrees as the northern pole is depressed 
the Bonthern will rise, and constellations snrroanding it will 
come into view; at first momentarily, but by degrees for 
longer and longer times in each diurnal revolution — realiz- 
ing, in short, what we have already stated in art. 61. 

(64 ) If he travel continually southward, he will at 
length reach a hoe on the earth’s surface, called the equa- 
tor, at any point of which, indifferently, if be take up his 
station and recommence his observations, be will find that 
he has both the centres of diurnal motion in his horizon, 
occupying opposite points, the nortbero pole having been 
depressed, and the eoutbem raised, so that, in this geo- 
graphical position, the diurnal rotation ol the heavens will 
appear to him to be performed about a honzontal axis, 
every star describing half its diurnal circle above and half 
beneath his horizon, remaining alternately visible for twelve 
hours, aud concealed during the same interval. In this situ- 
ation, no part of the heavens is concealed from his successive 
view. In a night of twelve hours (supposing such a contin- 
uance of darkness possible at the equator) the whole sphere 
will have passed in* review over him — the whole hemiiphere 
■wAh ■whit?n he hegau hia unght’a rA/3er?t»Vitm wiVi have heen 
earned down beneath him, and the entire opposite one 
brought up from below. 
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(65 ) If he pass the cqaator, and travel still further 
southward, the southern pole of the heavens will become 
elevated above his horizon, and the northern will sinh. 
below It, and the more, the further he advances south 
■ward, and when arrived at a station as far to the south 
of the equator ns that from which he started was to the 
north, he will find the whole phenomena of the heavens 
reversed The stars which at his original station described 
their whole diurnal circles above his horizon and never 
set now describe them entirely below it, and never ftse, 
but remain constantly invisible to him, and vice versd, 
those stars which at his former station be never saw, he 
Will now never cease to see 

(66 ) Tinally, if instead of advancing southward from 
bis first station, he travel northward be will observe the 
northern pole of the heavens to become more elevated 
above his honzon and the southern more depressed below 
It Id consequence bis hemisphere will present a less 
variety of stars because a greater proportion of the whole 
surface of the heavens remains constantly visible or con 
stantly invisible the circle described by each star, too, 
becomes more nearly parallel to the horizon and, in short 
every appearance leads to suppose that could he travel far 
enough to the north, be would at length attain a point terti 
calif/ under the northern pole of the heavens, at which none 
of the stars would either nee or set, but each would circn 
late round the honzon m circles parallel to it Many en 
deavors have been made to reach this point, which is called 
the north pole of the earth, but bithertd without success, a 
barrier of almost insurmountable difCeulty being presented 
by the increasing ngor of the climate but a very near ap 
proacb to it has been made, and the phenomena of those 



OirrUNTS OF ASTRO^OirV 


77 


regions, though not precisely such as we have described as 
what must subsist ai the polo itself, baie proicd to be m 
exact correspondence with its near proximity A similar 
remark applies to the south pole of tho earth, which, how 
ever, is more unapproachable, or, at least, has been less 
nearly approached, than the north 

(67 ) The abot c is an account of the phenomena of the 
diurnal motion of the stars, as modified by different geo 
graphical situations, not grounded on any speculation, but 
actually observed and recorded by travellers and voyagers 
It IS however, in complete accordance with the hypothesis 
of a rotation of tho earth ronnd a fixed axis In order to 
show this, however, it will bo necessary to premise a few 
observations on parallactic motion in general, and on the 
appearances presented by an assemblage of remote ob}ects, 
when viewed from difiereot parts of a small and ciroum 
scribed station 

(63 ) It has been shown (art 16) that a spectator 
in smooth motion, and surrounded by, and forming part 
of, a great system partaking of the same motion, is uncon 
scions of hi8 own movement, and transfers it in idea to 
objects external and unconnected, in a contrary direction, 
those which be leaves behind appeanng to recede from, 
and those which he advances toward to approach, him 
Not only, however, do external objects at rest appear m 
motion generally, with respect to ourselves when we are 
in motion among them but they appear to move one among 
the other — they shift their relative apparent places Let any 
one tra\ellmg rapidly along a highroad fix his eye steadily 
on any object, but at the same time not entirely withdraw 
his attention from the general landscape — he will see, or 
think he sees, the whole landscape thrown into rotation, 
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greater angle, A P B=c P p, M the near object P than 
at the remote one Q 

(69 ) A consequence of the famjlmr appearance we ha\e 
adduced in illustration of these principles is v.ortb noticing, 
as we shall have occasion to refer to it hereafter We ob 
serve that every object nearer to us than that on which 
our eye is fixed appears to recede, and those further from 
us to advance m relation to one another If then we did 
not know, or could not judge by any other appearances, 
which of two objects were nearer to us, this apparent ad 
vance or recess of one of them, when the eye is kept stead 
ily fixed on the other, would furnish a criterion In a dark 
night, for instance, wheo all intermediate objects are un 
seen, the apparent relative movement of two lights which 
we are assured are themselves fixed will decide as to their 
relative proximities That which seems to adtance with us 
and gam upon the other, or leave it behind it, is the 
farthest from us 

(70 ) The apparent augular motion of an object, arising 
from a change of our point of view, is called in general 
parallax, and it is always expressed by the an^Ie APB 
subtended at the object P (see fig of ort 68) by a line join 
ing the two points of view A B under consideration For 
it 13 evident that the difference of angular position of P, 
with respect to the invariable direction A B D, when 
viewed from A and from B, is the difference of the two 
angles B B P and DAP, now, B B P being the exte 
nor angle of the tnangle A B P, is equal to the sum of 
the interior and opposite, B B P=D A P+A P B, whence 
BUP— B AP=.AP B 

(71 ) It follows from what has been said that the amonnt 
of parallactic motion arising from any given change of our 



60 


OUTLIf,ES OF ASTJiO^OMr 


point of v:ow ib, _;jnri6u», Ics"?, ns the distance of an 

object viewed is grciicr, and niien that distance is ox 
tremely great in comparison with the change in our point 
of MOW, the parallax becomes insensible, or, in other words, 
objects do not appear to vary in situation nt all It is on 
this principle, that in alpine regions Msitcd for the Crst 
time we are surprised and confounded at the httle progresi 
wo appear to make by a considerable change of place An 
boar’s walk., for instance, prodaces but a small parallactic 
change in the relative situations of the vast and distant 
masses which surround us Whether wc walk round a cir 
cle of a hundred yards in diameter, or merely turn our 
selves round m its centre, the distant panorama presents 
almost exactlj the same aspect — we hardly seem to have 
changed our point of Mew 

(72) Whatever notion, in other respects we may form 
of the stars it is quite clear they must be immensely dis 
tant Were it not so, 'the apparent angular intertal between 
any two of them seen overhead would bo much greater than 
when seen near the horizoa, and the constellations, instead 



of preserving the same apprarvnees and dimensions during 
their whole diurnal course, would appear to enlarge as they 
nee higher in the sky, as we see a small cloud in the honzon 
swell jnto a great overshadowing canopy when drifted by 
the wind across our zenith, or as may be seen in the above 
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figure, where a 6, A B, a 6, are three different positions of 
the same stars, as they would, if near the earth, be seen 
from a spectator S, under the visual angles a S i, A S B 
No such change of apparent dimension, howeier, is ob 
served The nicest measurements of the apparent angular 
distance of any two stars infer se, taken in any parts of their 
diurnal course (after allowing for the unequal effects of re 
fraction, or ^hen taken at such times that this cause of dis 
tortion shall act equally on both) manifest not t/ie shakiest 
perceptible variation Not only this, but at whateier point 
of the earth s surface the measurement is performed, the 
results are ahso\u.ie\]j identical No instruments ever yet 
invented by man are delicate enough to indicate, by an 
increase or dimmution of the angle subtended, that one 
point of the earth is nearer to or further from the stars 
than another 

(78 ) The necessary eoncluston from this is, that the 
dimensions of the earth, large as itns, are comparatively 
noifttni;, absolutely imperceptible, when compared with the 
interval which separates the stars from the earth If an 
observer walk round a circle not more than a few yards 
in diameter, and from different points m its circumference 
measure with n sextant or other more exact instrument 
adapted for the purpose, the angles P A Q, P B Q, P C Q, 
subtended at those stations by two well defined points in 
his visible horizon, P Q he will at once be advertised, by 
the difference of the results, of his change of distance from 
them arising from bis change of place, although that differ 
ence may be so small as to produce no change in their 
general aspect to his unassisted sight This is one of the 
innumerable instances where accurate measurement obtained 
by lastrumental means places ns in a totally different situa. 
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tion »n respect to mattere of fact, and conclusions thence 
dcduoiblc, from wlint should hold, were vro to rely in 
nil cases on the mere judgment of the eye To so great a 
Dicetj have such observaleon*! been carried by the aid of 
an instrument called a theodolite, that a circle oven a few 
inches in diameter moj thus bo rendered sentible, may thus 
bo detected to have n stze, and an ascertainable place, by 
reference to objects distant by fully 100,000 times its own 
dimcnsjoDB Observations, differing, it is true, somewhat 



in method, but identical m pnnciple, and executed with 
quite ns much exactness, have been applied to the stars, 
and with a result such os has been already stated Henco 
It follows incontrovertibly, that the distance of the stars 
from the earth cannot be ea email ns 100 000 of the earth’s 
diameters It is, indeed, incomparably greater for we shall 
hereafter Ond it fully demonstrated that the distance just 
named, immense as it may appear, is yet much underrated 
(71 ) From such a distance, to a spectator with our facul 
ties and furnished with our instruments, the earth would be 
imperceptible, and, reciprocally, an object of the earth’s 
size placed at the distance of the stars would be equally 
undiBcernible If therefore, at the point on which a spec- 
tator stands, we draw a plane touching the globe, and pro 
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long it in imagination till It attain the region of the stars, 
and through the centre of the earth concciie another plane 
parallel to the former, and coextensive with it, to pass, 
these, although separated throughout their whole extent hj 
the same interval, mz , a semidiameter of the earth, will 
yet, on account of the vast distance at which that xnteraal 
ts seen, be confonnded together, and indistinguishable from 
each other in the region of the stars, when viewed by a 
spectator on the earth The zone they there include will 
be of evanescent breadth to his eye, and will only mark 
out a great circle m the heavens, one and the same for 
both the stations This great circle, when spoken of as a 
circle of the sphere, is called the celeshal hor^on or simply 
iht horizon, and the two planes }ast descnbed are also 
spoken of os the stnsilh and the rational bonzon of the 
observer's station 

(76 ) From what has been said (art 73) of the distance 
of the stars, it follows, that if we suppose a spectator at 
the centre of the earth to have bis view bounded by the 
raltonaf horizon, lo exactly the same maouer as that of a 
correspoodiQg spectator on the surface is by his senstile 
horizon, the two observers will see the same stars m the 
same relative situatioos, each beholding that entire bemi 
sphere of the heavens which is above the celestial horizon, 
corresponding to their common zenith Now so far as 
appearances go it is clearly the same thing whether the 
heavecs, that is, all space with its contents, revolve round 
a spectator at rest in the earth's centre, or whether that 
spectator simply torn round m the opposite direction in his 
place and view them in snccession The aspect of the 
heavens, at every instant as referred to his horizon (which 
must be supposed to turn with him), will be the same in 
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both sQppo^itions And since, os has been shown, Appear 
nnccs are also, so /nr os the etaia ore concerned, the same to 
n spectator on the surface as to one at the centre, it follows 
that, whether wo suppoao the liearcna to revolve without 
the earth, or the earth within the hcaaens, in the opposite 
direction, the diumal phenomena, to all its inhabitants, will 
be no way ilillorent 

(76 ) The Copernican astronomy adopts the latter ns the 
true explanation of these phenomena, atoiding thereby the 
necessity of otherwise resorting to the cumbrous mechanism 
of a solid but invisible sphere, to which the stars must be 
supposed attached, in order that they may be earned round 
the earth without derangement of thetr relative situations 
\nUr te Such a cootriiancc would, indeed, sufbee to ex 
plain the diurnal revolution of the stars, so as to ‘ save 
appenrinces , but the movements of the sun and moon, 
ns well as those of the planets, are incompatible with such 
a supposition, as will appear when we come to treat of these 
bodies On the other band, that a spherical mass of mod 
eratc dimensions (or, rather, when compared with the aur 
rounding and visible universe, of evanescent magnitude), 
held by no tie, and free to move and to revolve should do 
so, in conformity with those general laws which, so far 
as wo know, regulate the motions of all materral bodies, 
is 80 far from being a postulate diQlcuIt to be conceded, 
that the wonder would rather be should the fact prove 
otherwise As a postulate, therefore, we shall henceforth 
regard it and as lu the progress of our work, analogies 
offer themselves in its support from what we observe of 
other celestial bodies, we shall not fail to point them out 
to the reader s notice 

(77 ) The earth s rotation on its axis so admitted, 6x 
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plaining, as it evidently does, tlio apparent motion of the 
stars in a completelj satisfactory manner, prepares us for 
the further admission of its motion, hodil}, in space, should 
such a motion enable us to explain, in a manner eqnallj 
so, the apparently complex and enigmatical motions of the 
son, moon, and planets The Copernican astronomy adopts 
fhis idea in its full extent, ascribing to the earth, in addition 
to its motion of rotation about an axis, also one of rmnsfanon 
or transference through space, in such a course or orhtt, and 
so regulated in direction and celerity, as, taken in conjunc 
tion with the motions of the other bodies of the nnivcrsc, 
shall render a rational account of tbo appearances they sue 
ce^gively present — that is to say, an account of which the 
several parts, postulates, propositions, deductions, mtelh 
gibly cohere, mthout contradicting each other or the 
nature of things as concluded from experience In this 
view of the Copernican doctrioe it is rather a geometrical 
conception than i physical theory, inasmuch as it simply 
assumes the requisite motions without attempting to ex 
plain their mechanical ongtn or assign them any depen 
dence on physical causes The Newtonian theory of gravi 
tation supphes this deficiency, and, by showing that all the 
motions required by the Copernican conception must and 
that no others can result from a single, intelligible and 
very simple dynamical law, has given a degree of certainty 
to this conception as a matter of fact, which attaches to no 
other creation of the human mind 

(78 ) To understand this conception m its further de 
velopments, the reader must bear steadily m mind the dia 
tinction between relative and ahaolute motion Nothing is 
easier to perceive than that, if a spectator at rest view 
a certain number of moving objects, they will group and 
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arrange thomnolvcH to U\$ eyr, at each succc^ivc moment, 
in n very di/Toront way from trhat tho^' would do were ho 
in active motion among them->i{ ho formed one of them, 
for instance, nnd joined in their dance. Thia h evident 
from what has been paid before of parallactic motion; but 
it will bo asked, How is pucli a spectator to disentangle 
from each other the two parts of tho apparent motions ol 
these external objects — that which arises from tho effect 
of hifl own change of place, and which is therefore only 
apparent (or, as a German mctaphypicinn would say, auhjec- 
tivt — having reference only to him as perceiving it) — and 
that which is real (or objtctive — having a positive existence, 
whether perceived by him or not)? By what rule is bo to 
ascertain, from the ajipcamoccs presented to him while 
himself m motion, what would be tho appearances were ho 
at rest? It by no mcaos follows, indeed, that ho woald 
oven then at once obtain a clear conception of all the mo* 
tioRs of all the objects. The appearances so presented to 
him wouM have still something su^'seftve about them. 
They would be still appearances, not geometrical realities. 
They would still have a reference to the point of view, 
which might be very unfavorably situated (as, indeed, is 
tho case in our system) for affording a dear notion of the 
real movement of each object No geometrical figure, or 
curve, is seen by the eyo as it is conceived by the mind 
to exist in reality. The laws of perspective interfere and 
alter the apparent directions and foreshorten the dimensions 
of its several parts. It the spectator be unfavo'rably situ- 
ated, as, for instance, neatly id the plane of the figure (which 
13 the case we have to deal with), they may do so to such an 
extent, as to make a considerable effort of imagination nec 
essary to pass from the sensible to the real form. 
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(79 ) Still, preparatory to thi« nlumate etep, it is first 
necessary that the spectator aliould free or clear the ap- 
pearances from the disturbing influence of hia own change 
of place And this ho can always do by the following 
general rule or proposition 

The relatae motion of lico lodtea w thf tame as tf eiOter of 
(hem trrre at rest, and all tts motion eommunteat<‘(l to the other 
in an opposite direction * 

Hence, if two boclies more alike, they will, when seen 
from each other (without rcferenco to other near bodies, but 
only to the starrj sphere) appear at rest Hence, also, if 
the absolute motions of two bodies he uniform and rectilin 
ear, their relative motion is so also 

(80 ) The stars ore so distant, that os wo have scon it is 
absolutely indifferent from wbai point of the earth s surface 
we new them Their configurations inter tt arc identically 
the same It is otherwise with the sun moon, and planets, 
which are near enough (especially the moon) to be paral 
laeticaUij displaced by change of station from place to place 
on our globe In order that astronomers residing on differ 
ent points ol the earths surface should be able to compare 
their observations with effect it is necessary that they 
sbonld clearly c derstand and take account of this effect 
of the difference of their stations on the appearance of the 
outward universe as seen from each As an exterior object 
seen from one would appear to have shifted its place were 


* TtW propMlt on la «qutn!«nt to Uio foItowlDir which precisely meets the 
case proposed but requires aomonhat moro thought lor its dear apprebena on 
than can porhapn bo expected Irom s beginner 

Paop todies AandB tMi*moU<mindfpmdmay of each other t\* 

tnolion which B teen frtm A woutd appear <o Aaee \f A were al reel ie the earns 
with (hal tehicA it temU appear io hare A being to motion if in addition to Us 
ewn motion a motion equal to Ae and to the tame direction were eommani- 
cated to U 
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tho spectator suddenly transported to the other, so tvro 
spectators, vtowmg it trom the tiro stations at tiic same 
instant, do not boo it in tho snmo (hreclion Hcnto arises 
a necessity for the adoption of a conventional centre of ref 
crence, or imagmarj station of observation common to all 
the world, to which each observer, wherever situated, may 
refer (or, as it is called, reduce) his observations, bj calcu 
latingand allowing for tho e/Tcct of his local position with 
respect to that common centre (supposing him to possess 
the necessary data) If there were only two observers, m 



fixed stations one might agree to refer bis observations to 
the other station , but, as every locality on the globe may 
be a station of observation, it is far more convenient and 
natural to fix upon a point equally related to all, as the 
common point of reference, and this can be no other than 
the centre of the globe itself The parallactic change of 
apparent place which would ana© in an object, could any 
observer suddenly transport himself to the centre of the 
earth, is evidently the angle 0 S P subtended at the ob 
ject S by that radins 0 P of the earth which joins its cen 
tre and the place P of observation 
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CHAPTER II 

Te'Tolnotogj uirl El«s:cttUr 7 G«on«lrical CcQCvptloci mi ncU(!«D«— Ter 
• tctsologjr relating to tha Clob« 6{ th« To tho 

CeleatLU fphero— Ce)e«tU) remf^cUto 

(81.) Seveual of the terms in n«o among astronomers 
have hecn explained in the preceding chapter, and others 
used anticipativcljr. But the technical language of every 
Bohjcct rcqoirca to he formally stated, both for consistency 
of usage and dcfinilcneaa of conception TVe shall tlierc- 
fore proceed, in the first place, to define a number of terms 
in perpetual use, having relation to the globe of the earth 
and the celestial sphere. 

(82 ) BEriKlTlOK 1. The axU of the earth is that diamo* 
ter aboot which it revolves, with a uniform motion, from 
icul lo eatt; performing one revolution in the interval which 
elapses between any star leaving o certain point in the hear* 
cna, and retuining to the same point again. 

(83.) Bee. 2 The poUs of the earth are the points 
where its axis meets its surface. The North Polo is that 
nearest to Europe; the South Polo that most remote 
from It 

(84.) Def. 8. The tarih'a equator is a great circle on 
its surface, equidistant from its poles, dividing it into two 
hemispheres — a northern and a sontbern; in the midst of 
which are situated the respective poles of the earth of those 
names. The plane of the equator is, therefore, a plane 
perpendicular to the earth’s axis, and passing through 
its centre. 
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(85.) Bef. 4. The ferrtalrial meridian of a station on 
the earth’s surface, is a great cireJe of the globe pissing 
through both poles and through the place. The plane of 
the meridian is the piano in which that circle lies. 

(80.) Bef. G. The senatble and the rntienaf horizon of 
any sution have been already defined in art. 74. 

(87.) 1)ef. 0. A nieridiou fine is the line of intersectioil 
of the plane of the meridian of any station with the plane 
of the sensible horizon, and therefore marks the north and 
south points of the horizon, or the directions in which a 
spectator must set out if ho would travel directly toward 
the north or south polo 

(88 ) Dbf. 7. The latitude of a pkco on the earth's sur- 
face is Its angular distance from the equator, measured on 
its own terrestrial meridian: it is reckoned m degrees, min- 
utes, aad seconds, from 0 up to and northward or south- 
ward, according to the hemisphere the place lies in. Thus, 
the observatory at Greenwich is situated in 51* 28' 40' north 
latitude. This dcdnitiou of latitude, it will be observed, is 
to be considered as only temporary. A more exact knowl- 
edge of the physical structure and figure of the earth, and 
a better acqaamtance with the niceties of astronomy, will 
render some modification of its terms, or a different man- 
ner of considering it, necessary. 

(89.) Def 8 are small circles on the 

earth’s surface parallel to the equator. Every point in such 
a circle has the same latitude. Thus, Greenwich is said to 
be situated in the parallel 0/61° 28' 40'. 

(90.) Def. 9. The longitude of a place on the earth’s sur- 
face 13 the inclination of its meridian to that of some fixed 
atation referred to as a point to reckon from. English as 
tronomera and geographers use the observatory at Green. 
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mch for this station, foreigners, the principal observatories 
of their respective nations Some geographers ha\c adoptetl 
the island of Ferro. Hereafter, when we speak of longi* 
tnde, we reckon from Greenwich. The longitude of a place 
IS, therefore, mcasnred bj the arc of the equator intercepted 
between the mcndian of the place and that of Greenwich, 
of, which IS the same thing, the spherical angle at the 
pole included between these meridians 

(91 ) As latitude le reckoned north or south, so lonji 
tude IS uanallj said to bo reckoned west or east It would 
add greatly, howe\er, to systematic regularity, and tend 
muck to avoid confusion and amhiguit) in computations, 
were this mode of expression abandoned, and longitudes 
reckoned invariably uestaard from tfaeir ongm round the 
whole circle from 0 to S60* Thus, the longitude of Pans 
IS, in common parlance, either 2* 20 22' east, or 857* 89 88' 
west of Greenwich But, m the sense in which wo shall 
henceforth use and. recommend others to use the term, the 
latter is its proper designation Longitude is also reckoned 
in time at the rate of 24b for 360", or 15" per hour In this 
system the IcagUade of Pans is 256 60m SOtf ’ 

(92 ) Knowing the longitude and latitnde of a place, it 
may be laid down on an artificial globe, and thus a map of 
the earth may be constructed Maps of particular countries 
are detached portions of this general map, extended into 
planes, or, rather, they are representations on planes of such 
portions, executed according to certain conventional systems 
of rules, called projections, the object of which is either to 


< To d sUaguiiU minutes end secoode t me from those of angular measure 
we shall Invanahljr adhere to the d st net ajntem of notat on here adopted (* ' ”, 
and b m 8 ) Great confusion sometimes arises from the practice of using the 
same marks for both. 
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distort as little as possible the outlines of countries from 
what they are on the globe — or to establish easy means of 
ascertaimog, by inspection or graphical measurement, the 
latitudes and longitudes of places which occur in them, 
without referring to the globe or to books— >or for other 
peculiar uses. See Chap. IV. 

(93 ) Def. 10. The Tropia are two parallels of latitude, 
one on the north and the other on the south side of the 
equator, over every point of which, respectively, the sun 
in Its dinrnal course passes vertically on the 21st of June 
and the 21st of December in every year. Their latitudes 
are about 23° 38' respectively, north and south. 

(94 ) Def. 11 The Arctic and Antarctic circles are two 
small circles or paratiels of latitude as distant from the 
north and south poles as the tropics are from the equator, 
that 13 to say, about 23° 28'; their latitudes, therefore, are 
about 66° 82'. We say about, for the places of these circles 
and of the tropics are continuoily shifting on the earth’s 
surface, though with extreme slowness, os will be ex* 
plained m its proper place. 

(95 ) Def. 12. The sphere of the heavens or of the stars 
IS an imaginary spherical surface of infinite radius, having 
the eye of any spectator for its centre, and which may be 
conceived as a ground on which the stars, planets, etc., the 
visible contents of the umveree, ore seen projected ns in a 
vast picture.* 


* Tbe Ideal aplicre wltbout os, to wUeb refer the places of objoeta, tmd 
Vihicb wo carr) idong: with us wbererer wo go. {■ no doulc ioUmatel/ oocnected 
bj sssocutioa nidi, if sot eniiieif depeodau on ibat obscuro ptreoptiou of soa* 
sAtion in tlio rctma. of our c/es of wliicb CTeo wben closed «tid uuexcitod w« 
ciuinot courol; direst tlicm. Wo boro n real splicrlcal surfaco wilhln our t/ca, 
ihn ««iAot wwAMten siA sv*Vaa, ooTOSywlic y . piJiil fat point, to llio exlerosl 
sphere On this tbe ilnrB, etc , are really wappiHl down, as n e Iistp suppo«td 
Uicm 111 tho text to lie. on tbe hnaglMry cooearo of ilie beaveua. When the 




OUTZUiES OF ASTFOSOiir 


93 


(96 ) Def 18 Tbe poles ol the celestial spliero are the 
points of that imaginary sphere toward which the earth’s 
axis IS directed 

(97 ) Def 14 The celestial cq^cator, or, as it is often 
called by astronomers, the eqxitnoctial, is a great circle of 
the celestial sphere, marked oat b3 the indefinite extension 
of the plane of the terrestrial equator 

(98 ) Def 16 The celestial horizon of any place is a 
great circle of the sphere marked out by the indefinite cx 
tension of the plane of any spectator’s senstlle or (which 
comes to the same thing, os will presently be shown), his 
rationnl horizon, as in the case of the cqnator 

(99 ) Def 16 The zentth and norfir* of a spectator aro 
the two points of the sphere of tbe beavens, vertically over 
bis head, and vertically under his feet or tbe poles of the 
celestial horizon, that is to say, points 90^ distant from 
ever) point in it 

(100) Def 17 Vertical circles of tbe sphere are great 
circles passing through tbe zenith and nadir, or great cir 
clcs perpendtcalar to tbe bonzon On these are measured 
the altitudes ol objects above the horizon — tbe complements 
to which are their zentth distances 

(lOi ) Def 18 The celestial meridian of a spectator is 
tbe great circle marked out on tbe sphere by the prolonga 
tion of the plane of bis terrestrial meridian If the earth 


w1 ole surface of the ret na la exc ted bf I ght, hab e leads us to Associate it 
trith the idea of a real surface ex st ng without us Thus we become impressed 
-w tl the not on of a iky and a htanen but tho concare surface of the retina 
Itself is tl e ir e seav of all vulbU angular 4 mens on and angular mot on The 
Bubsttuton of the retina for tl e Artmns wo Id be awkward and loconren ent 
in lai gUKse b t it may always be mentally made (See Seb Her s pretty on gma 
on tl e eye in h s Turaodoi.) 

• From Arabic words leml Tertei and alaadhir correspond ng or oppos te 
to nad r correspouda eridently to the German mtder (down) whence our nett tr 
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coraplemcnl to 90®, therefore, of its zenith distance The 
altitude and azimuth of an object being known, its place 
in the visible heavens is detennined 

(105 ) Def 22 The cfeehnafion of a hea\cnly body is its 
angular distance from the equinoctial or celestial equator, 
or the complement to 00® of its angular distance from the 
nearest pole which latter distance is called its Polar dis 
tanee Declinations arc reckoned ptui or minuj according 
as the object is situated m the northern or southern celestial 
hemisphere Polar distances are always reckoned from the 
North Pole, from 0® up to 180® by which all doubt or 
nmbiguity of txpre««3ion with respect to sign is avoided 
(106 ) Dff 2S Uour circles of the sphere, or circles 
of declination are great circles passing through tho poles, 
and of course perpendicular to the equinoctial The hour 
circle, passing through any particnbr beaienJy body serves 
to refer it to a point in the eqainoctial as a vertical circle 
does to a point in the horizon 

(107 ) Dff 24 The hour angle of a heavenly body is 
the angle at the pole included between the hour circle pass 
ing through the body, and the celestial meridian of the 
place of observation Wo shall always reckon it postlivelj 
from the upper culmination (art 126) westward or in con 
formity with the apparent diurnal motion completely round 
the circle from 0® to 360® Hour angles, generally, are 
angles included at the pole between di^ereot hour circles 
(108 ) Def 2o The right ascension of a heavenly body 
IS the arc of the equinoctial included between a certain 
point in that circle called the Vernal Equinox, and the 
point in the same circle to which it is referred by the cir 
cle of decimation passing through it Or it is the angle 
luclnded between two hour circles, one of which passes 
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rate (since 3G0“ being ilescnbed uniformly m 24 hours, 
lo® moai be so described in 1 hour), will express the inter 
val of sidereal time which elapses from the passage of the 
\ernal equinox across the mcndian to that of the object 
next subsequent 

(111 ) As n globe or maps may be made of the wholo 
or particular regions of the surface of the earth, so also a 
globe, or general map of the heavens, os well as charts of 
particular parts, may be constructed, and the stars laid 
down in their proper sitnations relative to each other, and 
to the poles of the heavens and the celestial equator Such 
a representation, once made, will exhibit a true appearance 
of the stars as they present themselves in anccession to 
every spectator on the surface, or as they may bo ton 
ceived to be seen at once by one at the centre of the 
globe It IS, therefore, independent of ell geographical 
localities There will occur m such a representation net 
ther zenith, nadir, oor bonzon —neither east nor west 
points, and although great circles may be drawn on it 
from pole to pole, corresponding to terrestrial mendians, 
they can no longer, in this point of view, be regarded as 
the celestial meridians of fixed points on the earth s surface, 
since, in the course of one diurnal revolution, every point 
in it passes beneath each of them It is on account of this 
change of conception, and with a view to establish a com 
plete distinction between the two branches of Geography 
and Uranography * that astronomers have adopted difierent 
terms (viz , decUnaiton and T%ght ascension) to represent 
those arcs in the heavens which correspond to laMudea 
and longitudes on the earth It is for this reason that 
they term the equator of the heavens the egutnocttal, that 

* rii the earth rp<>4< ' to deecnbe or repreeenl, the heeroL 

4BTBOxo)rr— YoU ZIX— « 
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what are meridians on the earth are called hour circles in 
the heavens, and the angles they include between them 
at the poles are called hour angles. All this is convenient 
and iotelligible; and bad they been content with this no- 
menclature, DO confusion could ever have arisen. Unluck- 
ily, the early astronomers have employed also the words 
latitnde and longitnde in their uranography, in speakidg 
of arcs of circles not corresponding to those meant by the 
same words on the earth, but having reference to the mo- 
tion of the snn and planets among the stars. It is now too 
late to remedy this confusion, which is ingrafted into every 
existing work on astronomy: we can only regret, and warn 
the reader of it, that he may be on his guard when, at & 
more advanced period of our work, we shall have occasion 
to dofmo and use the terms tn their eelesliet sense, at the same 
time uigcotly recommending to future enters the adoption 
of others in their places. 

(112.) It remains to illustrate these descriptions by refer- 
ence to a Qgurc. Let C bo the centre of the earth, N 0 S its 



; then sre N and S its potesj E Q its egualrtr; A H the 
'ratlel o! Uuiudo of the station A on iu surface; A P par- 
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allol to S 0 N, the direction in which an obaerver at A will 
see the elevaled pole of the heavens; and A Z, the prolon- 
gation of the terrestrial radius C A, that of his zenith. 
K A £ S will be his meridian ; N G S that of some fixed 
station, as Greenwich; and G E, or, the spherical angle 
G K E, his longitude, and E A his latitude. Moreover, if 
s be a plane touching the surface in A, this will be his 
sensible horizon; n As marked on that plane by its inter 
section with his meridian will be his meridian line, and 
n and s the north and sooth points of Ins horizon. 

(118.) Again, neglecting the size of the earth, or con- 
ceiving him stationed at its centre, and referring every 
thing to his ratlcnal horizon; let the annexed figure rep- 
resent the sphere of the heavens, C the spectator; Z his 
zenith; and N his nadir: then will H A 0, a great oirole 
of the sphere, whose poles are Z N, be bis eelesliat hori- 


D Z 



zon, P p the elevated and depresied POLES of the heavens; 
II P the ahi<U(fe o/ the pole, and li P Z E 0 his vxerUU 
inn; E T Q, a great circle porpomlicular to P p, will bo 
the eqiiinoctKil', and if T represent the equinox, T T will 
be tho right ascension, T S tlie rfcehunfiou, and P S tiio 
2 *ol(ir distance of any star or object S, roterred to the equl- 
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noctial by the hour ctrele P S T j), and BSD mil be 
the diurnal circle it will appear to describe about the pole 
Again, if we refer it to the horizon by the vertical ctrele 
Z S H, 0 M will be its azimuth, M S its altitude, and Z S 
Its zenith distance H and O are the north and south, e to 
the east and west points of hia horizon, or of the heavens 
Moreover, if H A, O o, be small circles, or parallels of dedt 
nation, touching the horizon in its north and south points, 
H h will be the circle of perpetual apparition, between 
which and the elevated pole the stars never set, 0 o that 
of perpetual occultalion, between which and the depressed 
pole they never rise In all the zone of the heavens be 
tween H h and 0 o they rise and set, any one of them, 
as S, remaiung above the horizon in that part of its diurnal 
circle represented by a D A, and below it thronghont all 
the part represented by A D a It will exercise the reader 
to coostrnct this figure for several di^erent elevations of the 
pole, and lor a variety of positions of the star S in each 
(114 ) Celestial perspective is that branch of the general 
science of perspective which teaches us to conclude from 
a knowledge of the real situation and forms of objects, 
lines, angles, motions, etc , with respect to tbo spectator, 
their apparent aspects, as seen by him projected on the 
imaginary concave of the heavens, and, wee vfrsdl, from 
the apparent configurations and movements of objects so 
seen projected, to conclndc, so far os they can bo thenco 
concluded, their real geometrical relations to each other 
and to the spectator It agrees with ordinary perspective 
when only a small >iaual area is contemplated, because the 
concave gronod of the celestial sphere, for a small oxieut 
may be regarded as a ^lane sar/acc, on which objects are 

apf>n nivt.aptn.l .loi.iptp.l .a in MTnmnn Itllt 
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when large amplitudes of the Tisoal area are coosidcred, or 
when the whole contents of space are regarded as projected 
on the whole interior anrfaco of the sphere, it becomes 
nece3'>ary to nse a different phraseology, and to resort to 
a different form of conception In common perspective 
there is a single “point of sight, or “centre of the pie 
tare the vianal line from Iho eye to which is perpen 
dicular to the * plane of the picture,*’ and all straight lines 
are represented by straight lines In celestial perspective, 
every point to which the view is for the moment directed, 

IS equally entitled to be considered as the ‘centre of the 
picture ' every portion of the surface of the sphere being 
similarly related to the eye Moreover every straight lino 
(supposed to be indefinitely prolonged) is projected into 
a semicircle of the sphere that namely in which a piano 
parsing through the (me and the eye cats its surface Anti 
every system of pamllcl straight lines in whatever direc 
tion, IS projected into a system of semicircles of the sphere, 
meeting la two common apexes or vanishing points dia 
metrically opposite to each other one of which corresponds 
to the vanishing point of parallels in ordinary perspective, 
the other in such perspective has no existence In other 
words, ever^ point id the sphere to which the eye is directed 
may be regarded as one of the vanishing points or one 
apex of a system of straight lines parallel to that radius ^ 
of the sphere which passes through it or to the direction '/ 
of the line of sight seen in penpeotive from the earth Jl^ 
and the point diametrically oppo&ite or that from which I 
he 18 loolving as the other And any great circle of the A 
sphere may similarly be regarded as the la itsftiny circle of 
a system of planes parallel to ils own 

(115 ) A familiar lUastration of this is often to be bad 
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by attonding to the lioea of light Been in the air, when 
the sun’s rays are darted throagh apertures in clouds, 
the sun itself being at the time obscured behind them 
These lines which, marking the course of raj^ emanatiog 
from a point almost infinitely distant, are to be considered 
as parallel straight lines, are thrown into great circles of 
the sphere, having two apexes or points of common intei"* 
section — one in the place where the sun itself (if not oh- 
Bcured) would he seen, the other diametrically opposite. 
The first only is most commonly suggested when the spec 
tator's view is toward the son. But in mountainous couo 
tries, the phenomenon of sunbeams converging toward 
a point diametrically opposite to the bud, and as much 
depressed below the horizon as the Bun is elevated above 
It, IS not infrequently noticed, the back of the spectator 
being turned to the sun's place Occasionally, but much 
more rarely, the whole course of such a system of sun 
beams, Btretchmg m semicircles across the hemisphere 
from horizon to horizoa (the sun being near setting), may 
be seen * Thus again, the streamers of the Aurora Borealis, 
which are doubtleaa electrical rays, parallel, or nearly psral 
lel to each other, and to the dippiug needle, usually appear 
to diverge from the point toward which the needle, freely 
suspended, would dip northward (» e about 70" below the 


' It Is In such cases only Ihit ire concelre them ss circles the ordinary 
conreDQons of plane perspectiTe becoming untenable The author bad the pood 
loFiune to witness on one occasion the phenomenon deecnhed In the text under 
circumstances of more than usual giandear Approaching Lyons from the south 
OD September 30, 1826 about 0^ h. P U the sun was seen nearly seitiog ho 
hind broken masses of sformy cloi d fmm whose apertures streamed forth 
beams of rose-coloredl ght traceable all across the hemisphere almost to their 
oppos te point of conrerpenoo behind thOBBOwy prec pees of Ifoai con 

spicuously visible at nearly 100 miles to the eastward The Impression pro* 
duced was that of another but feebler bud abo it to nse from behind the 
mountain and darting forth precursory beams to meet those of the real one 
opposite 
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horizon and 23” nv^est of north from London), and in their 
upward progress pursue the course of great circles till they 
again converge (m appedrance) toward the point diametri- 
cally opposite (».e. 70* ahovo the horizon and 23” to the 
eastward of south), forming a sort of canopy overhead, 
having that point for its centre. So also in the phenom- 
enon of shooting stars, the lines of direction which they 
appear to take on certain remarkable occasions of periodical 
recurrence, are -observed, if prolonged backward, apparently 
to meet nearly in one point of the sphere; a certain indica 
tion of a general near approach to parallelism in the real 
directions of their motions on those occasions. On which 
subject more hereafter. 

(116 ) In rclatiou to this idea of celestial perspective, 
we may conceive the north and south poles of the sphere 
as the two vanisbiog points of a system of lines parallel to 
the axis of the earth; and the zenith and nadir of those 
of a system of perpendiculars to its surface at the place of 
observation, etc. It wilt be shown that the direction of a 
plumb line at every place is perpendicular to the surface 
of still water at that place, which is the true horizon, and 
though mathematically speaking no two plumb lines are 
exactly parallel (since they converge to the earth’s centre), 
yet over very small tracts, such as the area of a building 
— m one and the same town, etc , the diSerence from 
exact parallelism is so small that it may be practically 
disregarded.* To a spectator looking upward such a system 
of plumb lines will appear to con\erge to his zenith, down 
ward, to his nadir 


* Aij mterrsl of * mile corresponds to a conTergencs of plumb lines amount 
leg to somewhat less space than s maate. 
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(117<) So also the celestial equator, or the eqaiQocttol, 
must be eoufeived as the vanishiag circle of a sjrstem of 
places parallel to the earth e equator, or perpeudicalar to 
its axis The celestial bonzou of any spectator is in like 
manner the vanishing circle of all planes parallel to hts 
true horizon, of which pHnee bis rational horizon (passing 
through the earth a centre) la one, and his sensible honzon 
(the tangent plane of hia station) another 

(118 } Owing however, to the absence of all the ordinary 
indicattons of distance which influence our judgment in re 
spect of terrestrial objects owing to the want of determinate 
figure and magnitude in the stars and planets as commonly 
seen-^the projection of the celestial bodies on the ground 
of the heavenly concave is not usually regarded id this its 
true light of o perspeelive represvniation or pteture and it 
even requires an effort of imagination to conceive them 
m their true relations as at vastly different distances one 
behind the other, and forming with one another lines of 
junction violently foreshortened and including angles alto 
gether differing from those which their projected represen 
tations appear to make To do so at all with effect preanp 
poses a knowledge of their actual situations in space which 
It IS the business of astronomy to arrive at by appropnate 
considerations But the connections which sabaist among 
the several parts ^ tbe picture the purely geometrical rela 
tions among the angles and sides of the spbencal triangles 
of which it consists constitute under the name of TJranom 
etry ’ a preliminary and snbordinate branch of the general 
science with which it is necessary to be familiar before any 
further progress can be made. Some of the most elementary 


1 Dv^ •< tbe heavens »•<»<•' to measure the mesa tiemcQl of the heavens. 
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and freqncntly occurring of Ihcoc relations we proceed to 
explain And Grst, as immediate consequences of the aboto 
detinitions, the following propositions will bo borne in mind 
(IID) The alliiude of the elevated pole te equal to the lalt 
iude of the tpeciator'e geographtcal ttalion 

For it appears, see Jig art 112, that the angle P A Z 
'between the pole and the zenith la equal to N C A, and 
the angles Z A n and K C E being right angles, we have 
P A n=A C E Kow the former of these is the elevation 
of the pole as eccn from E, the latter is the angle at the 
earth's centre subtended by the arc E A, or the latitude 
of the place 

(120 ) Hence to a spectator at the north pole of tlie 
ea'th, the north pole of the heavens is in his zenith As 
he travels southward it becomes less and less elevated t ll 
be reaches the equator, when both poles are m bis horizon— 
south of the equator the north pole becomes depressed bo 
low, while the south rises above bis honzon and continues 
to do so till the south pole of the globs is reached, when 
that of the heavens will be in the zenith 

(121 ) The same stare in their diurnal revolution, come 
to the meridian successively, of every place on the globe 
once in twenty four sidereal hours And since the diurnal 
rotation is uniform, the interval in sidereal time which 
elapses between the same star coming upon the meridians 
of two different places is measured by the difference of 
longitudes of the places 

(122) Vice tersd — the interval elapsing between two 

different stars coming on the meridian of one and the same 
/thw .w A'dfff-eai Zusip, .w ibs' jstwsasuw rfif 

difference of nght ascensions of the stars 

(123 ) The equinoctial intersects the honzon in the east 
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aud west points, and the mendian in a point whose altitndd 
13 eqnal to the co latitude of the place Thus, at Green- 
wich, of which the latitude is 61* 28' 40', the altitude of 
the intersection of the equinoctial and mendian is 88* 81' 
20' The north and south poles of the heavens are the 
poles of the equinoctial The east and west points of the 
horizon of a spectator are the poles of his celestial mend* 
lan The north and south points of his horizon are the 
poles of hiB prime vertical, and his zenith and nadir are 
the poles of hts horizon 

(124 ) All the heavenlj bodies culminate {* e come to 
their greatest altitudes) on the meridian, which is, there- 
fore, the best situatiou to observe them, being least con 
fused hy the inequalities and vapors of the atmosphere, os 
well as least displaced by refraction 

(126 ) All celestial objects within the circle of perpetual 
apparition come twice on the mendian, above the horizon, 
in every diurnal revolution, once above and once lehw the 
pole These are called their upper and lower culminations 

(126 ) The problems of uranometry, as we have described 
it, consist in the solution of a variety of spherical triangles, 
both right and oblique angled, accoidiog to the rules and 
by the formula of spherical trigonometry, which we suppose 
known to the reader, or for which he will consult appro 
pnate treatises We shall only here observe generally, that 
in all problems in which spbencal geometry la concerned, 
the student will find it a useful practical masim rather to 
consider the poles of the great circles which the question 
before him refers to than the circles themselves To use, 
for cjsamplB, in the relations he has to consider, polar dis 
tances rather than decimations, zenith distances rather than 
altitudes, etc Bearing this in mind, there are few prob 
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lems m uranometry ^hich Will offer any difficulty The 
following ore the combinations which most commonly 
occur for solution uhen tkt place of one c^esiial object only 
on the sphere is concerned 

(127 ) In the triangle 2 P S, Z is the zenith, P the ele 
vated pole, and S the star, ann, or other celestial object 
•In this triangle occur, Ist, P Z, which being the comple 
merit of P II (the altitode of the pole), is obviously the 
complement of the latitude (or the co latiiud*, as it is called) 
of the place, 2d, P S, the yiolar distance, or the complemcut 
of the dechnatioQ (co deelinalton) ol the star, 8d, Z S, the 
zenith distance or co altitude of the star If P S be greater 
than 90^, the object is situated on the side of the equinoctial 
opposite to that of the elc^ated pole If Z S be so, the 
object IS below the honzon 

In the same triangle the angles are, let, Z P S the hour 
angle, 2d, P Z S (the supplement of S Z 0, which latter is 
the azimuth of the star or other heavenly body), 8d, P S Z, 
an angle which, from the infrequency of any practical refer 
ence to it, has not acquired a name * 

The following five astronomical magnitudes, then, occur 
among the sides and angles of this most useful triangle 
VIZ, lat, the co latitude of the place of observation, 2d, 
the polar distance, 3d, the zenith distance, 4th, the hour 
angle, and 6th, the sub azimuth (supplement of azimuth) 
of a given celestial object, and by its solution therefore 
may all problems be resolved, in which three of these 
magnitudes are directly or mdirectly given, and the other 
two required to be found 

’ Id Ihe prset cal discussfoa of tho taeasares of double acara and other 
obJecU b/ the aid of the poattion mKromotor tl is angle a aomei mes requlr^ 
to be known and when so requ red it wiU be not iDConTeniently referred U> aa 
“the angle of poalUon of the aeuth. 
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(128 ) For example, siippOAC the time of rising or setting 
of the Bun or of a star wore required, having given its right 
ascension and polar distance The star rises when appar 
ently on the horizon, or realty about 84 bolow it (owing to 
refraction) so that, at tbo moment of its apparent rising, 
its zenith distance is 90® 84 =Z S Its polar distance P S 



being also given and the co latitude Z P of the place we 
have given the three sides of the triangle to find the hour 
angle Z P S which, being known is to bo added to or sub 
traded from the star a right oscension to give the sidereal 
time of setting or rising which if we please may be con 
verted into solar time by the proper rules and tables 

(129 ) As another example of the use of the same tnan 
gle we may propose to find the local sidereal time and the 
latitude of the place of observation by observing equal 
altitudes of the same star east and west of the meridian, and 
noting the interval of the observations in sidereal time 

The hour angles corresponding to equal altitudes of a 
fixed star being equal the hour angle east or west will be 
measured by half the observed interval of the observations 
In our triangle then we have given tins hour angle Z P S 
the polar distance P S of the star and Z S its co altitude at 
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the moment of observation Hence wo maj find P Z, the 
CO latitude of the place Moreover, the hour angle of the 
star being known, and also its right ascension, the point of 
the equinoctial is known, which is on the mendian at the 
moment of observation, and, therefore, the local sidereal 
time at that moment This is a \erj useful observation for 
determining the latitude and time at an unknown station 


CHAPTER ni' 

01 the Kfttare of Astronomical Instnimenta and Ohsemtions m Oenersl 
»Of g der«al and Solar Tini«‘-^f the Masanremeots of Tlme-^ 
Clovlcs Chronomatera—Of Aatrooomical Ueasuremonts— ^Prmeiplo of 
leleacopte S ghta to Increase the Aceuner of Folnnog— Sunplest 
Application of this Pnociple— The Transit Instrument— 01 the Mesa 
uremeot of Angular Incerrols — Methods of Increasing the Accoracr of 
Reading— The Vernier— The Microeoope— Of the Mural Circle— The 
Mend an Crete— Flxat ou of Polar and Horizontal Points— The Level 
Fltusb line Artific al Itonzou — Pr nctple of Collunalioa — CoU mators 
of Rittenhouse Eater and Bohoenberger— Of Compound Instruments 
mth Co-ordioate Crcles— Ibe Equatorial Alt tude and As miith In 
strument — Thcodol to— Of the Sextant and Reflecting Circle— Princ pie 
of Repel Qon-Of iirerometers— Parallel Wire Micrometer — Princ pie 
of the Duplication of Images— The Qelometer— Double Retracting 
Eje p ece— Tanable Pnsm Micrometer— Of the Pos tion M crometer 
— lUuminat on of Wires — Solar Telescope and Eye p ece— Helioscopy 
— CoUimat on of large Reflectors 

(180 ) Odr first chapters have been devoted to the ao 
qnisition chiefly of preliminary notions respecting the globe 
we inhabit its relation to the celestial objects which snr 
lonnd it, and the physical cireumstaaces under which all 

' The student who la anz ous to hecomo acqu > n(ed w th the ch et subject 
ssiiiUf zni|^ iisfer Zbo zhar yarZ iJ litis rii-YifAr w.hw.b 

13 devoted to the description of particular insiraments, or content himself with 
a cursory perusal of it, unUl farthw advanced when it will be necessary to 
return to It 
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astronomical observations must be made, as well as to pro 
vide ourselves with a stock of tecJimcal words and elemen 
tary ideas of most frequent and familiar use in the sequel 
"We might now proceed to a more exact and detailed state 
ment of the facts and theories of astronomy, but, lu order 
to do this with full effect, it will be desirable that the reader 
be made acquainted with the principal means which astroflo 
mers possess, of determining, with the degree of nicety their 
theories require, the data on which they ground their coa 
elusions m other words, of ascertaining by measurement 
the apparent and real magnitudes with which they are con 
versaut It is only when m possession of this knowledge 
that he can fully appreciate qjther the truth of the theories 
themselves, or the degree of rehrnce to be ^ilaced on any of 
their conolueions antecedent to tna^ since it is only by 
knowing what amonut of error can certainly be perceived 
and distinctly measured, that bo can satisfy himself whether 
any theory offers so close an approximation, in its namer 
ical results, to actual phenomena as will justify him in re 
ceiving it as a true representation of nature 

(121 ) Astronomical lustniment making may bo justly 
regarded as the most refined ol the mechanical arts, and 
that in which the nearest approach to geometrical precision 
IS required, and has been attained It may be thought an 
easy thing by one unacquainted with the niceties required, 
to turn a circle in metal, to divide its circumference into 260 
equal parts and these again into smaller subdiiisions — to 
place it accurately on its centre, and to adjust it in a giv en 
position, but practically j( is found to bo one of the most 
difilcult Nor wiH this appear extraordinary, when it is 
considered that owing to the application of telescopes to 
the purposes of angufar measurement, every impcrfecttoa 
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of structure or dv^jsion becomes miguifieil bj the wliole 
optical power of that matrumeot, and that thus, not only 
direct errors of workmanship, arising from unsteadiness of 
hand or imperfection of tool", but those inaccuracies which 
originate in far more uncontrollable cause", sucli as the 
unequal expansion and contriction of mctaUic masses bj a 
change of temperature, and (heir unaroidable flexure or 
bending bj their own weight, become perceptible and 
measarablc An angle of one minnte occupies, on the ctr* 
cumference of a circle of 10 inches in radios, only about 
ihtb part of an inch, a quantity too small to be ceriatnly 
dealt with without the use of magnifying glasses, jet one 
minute is a gross quantity in the astronomical measurement 
of an angle 'With the instruments now employed m ob 
serratones, a single second or the 60th part of a minute, is 
rendered a distinctly visible and appreciable quantity Now 
the are of a circle, subtended by one secono, is less than the 
200,000th part of the radius, so that on a circle of 6 feet in 
diameter it would occupy no greater linear extent than yArth 
part of an inch, a quantity reqairing a powerful microscope 
to b© difcfirned at ail X^et any one Sgure to biniaeJ/, there 
fore, the difliculty of placing on the circumference of a me 
talhc circle of such dimensions (supposing the difficulty of 
Its coQStraction surmounted) 860 marks, dots, or cognizable 
diMSions, which shall all be true to their places within such 
narrow limits, to say nothing of the subdivision of the de 
grees so marked of! into minutes, and of these again into 
seconds Such a work has probably baffled, and will proba 
blj forever continue to baffle, the utmost stretch of human 
skill and industry, not, if executed, could it endure The 
ever \ arying fluctuations of heat and cold have a tendency 
to produce not merely temporary and transient, but per 
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manent, uncompensated changes of form in all considerable 
masses of those metals which alone are applicable to such 
uses, and their own weight, however symmetrically formed, 
must always be unequally Bastained,^ since it is impossible 
to apply the sustaining power to every part separately even 
could this bo done, at all e\enta force must be used to move 
and to fix them, which can never be done without prodtre 
mg temporary and nsking permanent change of form It is 
true, by dividing them on their centres, and in the identical 
places they are destined to occupy, and by s thousand in 
geaious and delicate contrivances, wonders have been ac 
complished m this department of art, and a degree of per 
feetioa has been given, not merely to chs/s d asuvre, but to 
instruments of moderate prices and dimensions, and in or 
dinsry use, which, on due consideration, must appear very 
surpriamg But though we are entitled to looh for loondera 
at the hands of scientific artists, we are not to expect mtra. 
cles The demands of the astronomer will always surpass 
the power of the artist, aud it must, therefore, be constantly 
the aim of the former to make himself, as far as possible, 
independent of the imperfections incident to every work the 
latter can place in his hands He must, therefore, endeavor 
BO to combine his observations, so to choose his opportuni 
ties, and so to familiarize himself with all the causes which 
may produce lostrumental derangement, and with all the 
peculiarities of structure and materjal of each instrument 
be possesses, as not to allow himself to be misled by their 
errors, but to extract from tbeir indications, as far ns possible, 
all that IS true, and reject all that is erroneous It is jn this 
that the art of the practical astronomer consists — an art of 
Itself of a ennoas and intricate nature, and of which we can 
here only notice some of^lbo lading and general features. 
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(182 ) The great aim of the practical astronomer being 
numerical correctness m the results of instrumental ineas 
urement, his constant care and \jgihnco must be directed 
to the detection and compensation of errors, either by anni 
hilating, or by taking accoont of, and allowing for them 
Now, if we examine the sources from which errors may 
arise m any instrumental determination, we shall find them 
chiefij reducible to three principal heads — 

(133 ) 1st, External or incidental causes of error, com* 
prelicnding tboac which depend on external, uncontrollable 
circumstances such as, fluctuations of weather, v. bich dis 
turb the amount of refraction from its tabulated value, and, 
being reducible to no fixed law, lodnce uncertainty to the 
extent of tbeir own possible magnitude, such as, by vary* 
ing the temperature of the air, vary also the form and post 
tion of the instruments used, by altering the relative mag 
mtudes and the tension of their parts, and others of the like 
nature 

(134) 2dl3, Errors of observation such as arise, for 
example, from inexpcrtoess, defective vision, slowness in 
seizing the exact instant of occurrence of a phenomenon, or 
precipitancy m anticipating it, etc , from atmospheric indis 
tinctness, insufficient optical power in the instrument, and 
the like Under this head may also be classed all errors 
arising from momentary instrumental derangement — slips 
in clamping, looseness of screws, etc 

(135 ) Sdly The third, and by far the most numerous 
class of errors to which astronomical measurements are 
liable, arise from causes which may be deemed instrumen 
tal, and which may be subdivided into two principal classes 
The first comprehends those which arise from an instrument 
not heinj what it professes to be, which is error of workman 
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ship Thus, if a pi% ot or axis, instead of being, as it ought, 
exactly cylindrical, be slightly flattened, or elliptical — if it 
be not exactly (as it is intended it should be) concentric with 
the circle it carries, — if this circle (so called) be in reality 
exactly circular, or not in on© plane, — if its divisions, 
intended to be precisely equidistant, should be placed in 
reality at unequal intervals — and a hundred other things of 
the same sort These are not mere speculative sources of 
error, but practical annoyances, which every observer has 
to contend with 

(136 ) The other subdivision of instrumental errors com 
preheads such as arise from an instrument not being placed 
in the position it ought to have, and from those of its parts, 
which are made purposely movable, not being properly dis 
posed inter se. These are errore of adjvtiment Some are 
unavoidable, as they arise from a general unsteadiness of 
the soil or budding in which the instruments are placed, 
which, though too minute to be noticed in any other way, 
become appreciable in delicate astronomical observations 
others, again, are consequences of imperfect wori,manship, 
as where an instrument once well adjusted will not remain 
so, but keeps deviating and shifting But the most impor 
taut of this class of errors arise from the non existence of 
natural indications, other than those a^orded by astrocomi 
cal observations themselves whether an instrument has or 
has not the exact position, with respect to the horizon and 
its cardinal points, the axis of the earth, or to other prm 
cipal astronomical lines and circles, which it ought to have 
to fulfil properly its objects 

(137 ) Kow, with respect to the first two classes of error, 
it must bo observed, that, jn Bo far as they cannot be re 
dneed to known laws, and thereby oecome subjects of cal 
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culation and due allowance, they nctnallj vitiate, to their 
foil evtent, the resulte of any observations in which they 
subsist Being, howerer, in their nature casual and acci 
dental, their effects necessarily he sometimes one way, 
sometimes the other, sometimes diminishing, sometimes 
tending to increase the resnlts Hence, by greatly multi 
plying observations, under vaned circumstances, by avoid 
ing unfavorable, and taking advantage of favorable cir 
cumstances of weather, or otherwise using opportunity to 
advantage — and finally, by taking the mean or averagt of 
the results obtained, this class of errors may be so far sub 
dued by setting them to destroy one another, as no longer 
sensibly to vitiate any theoretical or practical conclusion 
This IS the great and indeed only resource against such 
errors, not merely to the astronomer, but to the luvesti 
gator of numerical results in every department of physical 
research 

(188) With regard to errors of adjustment and work 
tnansUip not only the posstbtlUg but the certainly of their 
existence, in every imaginable form in all instruments, 
must be coatesapLaled Somsn bands or macbiaes seror 
formed a circle, drew a straight line or erected a perpen 
dicular, nor ever placed an instrument m perfect adjust 
ment, unless accidentally and then only during au instant 
of time This does not prevent however, that a great ap 
prosimation to all these desiderata should be attained But 
it 13 the peculiarity of astronomical observation to be the 
uliimaU means of detection of all mechanical defects whifch 
elude by their minuteneas every other mode of detection 
What the eye cannot discern nor the touch perceive^ a 
course of astronomical observations will make distinctly 
evident The imperfect products of man’s hands are here 
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tested by being brought into comparison under \ery great 
magnifying powers (corresponding in eilect to a great in 
crease in acuteness of perception) with the perfect work 
manship of nature, and there is npoe which will bear the 
trial Now, it may seem hke argtticg in a vicious circle to 
deduce theoretical conclusions and laws from observation, 
and then to turn round upon the instruments with which 
those observations were made accuse them of imperfection, 
and attempt to detect and rectify their errors by means of 
the very laws and theories which they have helped us to 
a knowledge of A little consideration, however, will suf 
flee to show that such a course of proceeding is perfectly 
legitimate 

(189) The steps by which we arrive it the laws of 
natural phenomena and especially those which depend for 
their verifloation on numerical determinations are necessa 
rily successive Oross results and palpable laws are arrived 
at by rude observation with coarse instruments, or without 
any instruments at all, and are expressed in language which 
IS not to be considered as absolute, but is to be interpreted 
with a degree of latitude commeosurate to the imperfection 
of the observations themselves These results are corrected 
and refined by nicer serutinj, and with more delicate meins 
The first rude expressions of the laws which embody them 
are perceived to bo inexact. The language used in their 
expression is corrected its terms more rigidly defined, or 
fresh terms introduced until the new state of language and 
terminology is brought to fit the improved state of 1 nowl 
edge of facts In the progpessof vhw scrutiny subordinate 
laws are brought into view which still further modify, both 
the \erbal statement and numencal results of those which 
first offered themselves to our notice, and when these are 
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traced out and reduced to certainty, others, again, subordi 
natc to them, make their appeanoce, and become subjects 
of further inquiry Now, it invariably happens (and the 
reason is evident) that the first glimpse we catch of such 
subordinate laws — the first form m which they are dimly 
shadowed out to our minds — is that of errors "We per 
ctnve a discordance between what we expect^ and what wo 
jind The first occurrence of such a discordance we attnb 
ute to accident. It happens again and again, and we begin 
to suspect our instruments We then inqmre, to what 
amount of error their determinations can, hy possibility, be 
liable If their hmxl of possible error exceed the observed 
deviation, we at once condemn the instrument, and set 
abont improving its construction or adjnstments Still the 
same deviations occur, and, so far from being palliated, 
are more marked and better defined than before We are 
now sure that we are on the traces of a law of nature, and 
we pursue it till we have reduced it to a definite state 
ment, and verified it by repeated observation, under every 
variety of circumstances 

(140 ) Now, in the coarse of this inquiry, it will not fail 
to happen that other discordances will strike ns Taught 
by experience, we suspect the existence of some natural 
law, before unknown, we tabulate (t e draw out m order) 
the results of our observations, and we perceive, m this 
synoptic statement of them, distinct indications of a regular 
progression Again we improve or vary our instruments, 
and we now lose sight of this supposed new law of nature 
altogether, or find it replaced by some other, of a totally 
different character Thus we are led to suspect an lostru 
mental cause for what we have noticed We examine, 
therefore, the theory of our instrument, we suppose defects 
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la its gtractare and, by the aid of geometry, xre trace tlieir 
influence m introducing actual errors into its indications 
These errors have iheir laws which, so long os we have 
no 1 nowledge of causes to guide us, may be confounded 
with laws of nature as they are mixed up with them in 
their effects They are not fortuitous like errors of obser 
vntion, but as they arise from sources inherent in the w 
strument and unchangeable while it and its adjustments 
remain unchanged, they are reducible to fixed and ascer 
tamable forms each particular defect, whether of structure 
or adjustment, producing its own appropriate form of error 
When these are thoroughly investigated, we recognize 
among them one which coincides m its nature and pro 
greasion with that of our observed discordances The 
mystery is at once solved We have detected, by direct 
observation, an instrumental defect 

'141 } It IS therefore a chief requisite for the practical 
astroi omer to make himself completely familiar with tho 
iliecry of his instruments By this alone is he enabled at 
once to decide what on Ins observations any given 

imperfection of structuro or adjustment will produce in any 
given circumstances under which an observation can ho 
made This alone also can place biro in a condition to derive 
available and practical means of destroying and eliminating 
altogether the influence of e ich imjierfections by so arrang 
ing his observations tlial it «ltaH affect their results in op 
polite ways and that its influence shall thus disappear 
from their mean which is one of tho chief modes by which 
precision is attained in practical astronomy Suppose, for 
example, the principle of an instrnment require! that a 
circle should l>c concentric with tho axis on wh ch it is 
made to torn As this is a condition which no workman 
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slup can exactly fulfill, it becomes necessary to inquire irhat 
errors will be produced in observations made and registered 
on tbe faith of such an instrument, by any assigned dcvia 
tion in this respect, that is to say, what would be the disa 
greement between observations made with it and with one 
ab^olutel^ perfect, could such be obtained Now, simple 
gtometneal considerations suffice to show — Ist, that if the 
axis be cscentnc by a given fraction (say one thousandth 
parti of the radius of the circle, all angles read off on that 
part of the circle toward which the eccentricity lies, will 
appear by tba^ fractional amount too small, and all on the 
opposite side too large And, 2dly, that whatever he the 
amount of the escentricity, and on whatever part of the cir 
cle any proposedTtngle is measured, the effect of the error 
ID question on the result of observations depending on the 
graduation of its circumference (or hmb, as it is technically 
called) will be completely annihilated by the very easy 
method of always reading off the divisions on two diamet 
rically opposite points o! the circle, and taking a mean, for 
the effect of excentncity is always to increase the arc repre 
seDt 2 Dg tbe angle jc qaesiioa oo ooe side cl tbe circie, by 
]U3t the same quantity b} which it dimmishes that on tbe 
other Again suppose that the proper use of tbe instru 
ment required that this axis shoold be exactly parallel 
to that of the earth As it never can bo placed or remain 
so, It becomes a question, what amount of error will anse, 
in its use, from any assigned deviation, whether in a bon 
zontal or vertical plane, from this precise position Such 
inqmnes constitute the theory of instrumental errors a the 
ory of the utmost importance to practice, and one of which 
a complete knowledge will enable an observer, with moder 
ate instrumental means, often to attain a degree of precision 
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winch might Bccni to belong onlj to tho most refined and 
costly. Thm theory, as will rindily bo a|);)rcljcn(lcd, tarns 
nlfjjost entirely on co>i<ii]eraltons of pure geometry, nnd 
those /or tho most part not difficult In the present york, 
however, wo have no further concern yiih ji. The astro- 
nomical tnatruments wo propose bneny tt> desenbo m this 
chapter will bo considered ns perfect both m conslroctioQ 
and adjaatment* 

(112) Ar the above remarks are very essential to a 
right understanding of the philoviphy of our subject and 
tho spirit of aatronomical methods, wo shall elucidate them 
by taking one or two special eases Observant persons, be- 
fore the in\ention of astronomical instruments, had already 
concluded tho apparent diurnal motions n/ Jbo sions to bo 
perfonned in circles about fixed poles in the heavens, os 
shown IQ tho foregoing chapter In drawing this cosclU' 
Sion, however, refraction was entirely overlooked, or, if 
forced on their notice by its great magnitmlo m the im 
mediate neighborhood of the horizon, wa<? regarded as fl 
local irregularity, and, aa such, neglected or slurred over. 
As soon, however, ns tho ihurnal paths of tho stars were 
attempted to be traced by instruments, even of tho coarsest 
kind, it became CMiient that tho notion of exact circles de 
scribed about one and the same polo would not represent 
the phenomena correctly, but that, owing to some cause or 
other, the apparent diurnal orbit of e^ery star is distorted 
from a circular into an oval form, its lower segmeut being 
/atfcr than its upper, and the deviation being greater the 


* The principle on which Ibo chief adjiwtraent* of a or threo of the moat 
useful and common SnatromeDlfl sncli as tho transit the equatorial and the 
eestant are performed are, horrerer noticed, tor the convenience of readers 
who mar use such laetrumenie wlthoot gotag further into the arcana of prac 
I cal astronomy 
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nearer the star approached the honzon, the effect being the 
same as il the circle had been squeezed upward from be 
low, and the lower parts more than the higher Tor such 
an effect, os it was soon found to arise from no casual or 
instrumental cau<»e, it became necessary to seek a natural 
one, and refraction readily occuircd, to solve the difficult} . 
In» fact, it is a case precisely analogous to what we have 
already noticed (art 47), of the apparent distortion of the 
sun near the horizon, only on a larger scale, and traced 
up to greater altitudes This new law once established, it 
became necessary to modify the expression of that anciently 
received, by inserting in it a ealio for the effect of rcfrac 
tion, or by making a distinction between the apparent di 
utnal orbits, as affected by refraction, and the true ones 
cleared of that effect This distinction between the ap 
parent and the true— between the uncorreeUd and corrected— 
between the touqK and cbtnous, and the refined and ultimate 
—IS of perpetual occurrence in every part of astronomy 
(14S ) Again The first impression produced by a view 
of the diurnal movement of the heavens is that all the 
heavenly bodies perforin this revolution in one common 
period, viz , o day, or 24 hours But no sooner do we 
come to examine the matter tnstrumentally, i e by noting, 
by timekeepers, their succc-oive arrivals on the meridian, 
than we find differences which cannot be accounted for by 
any error of observation All the stars, it is true, occupy 
the same interval of tune between their successive appulses 
to the meridian, or to any vertical circle, but this is a very 
different one from that occupied by the sun It is palpa 
bly shorter, being, m fact, only 23'' 66 4 09', instead of 
24 hours, such hours as our common clocks mark Here, 
then, we have already two different days, a ndereal and a 
Astkosomt — Vol \Ii.— 5 
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solar y and if, instead of the sun, we observe the moon, we 
find a third, much longer than either — a lunar da 7 , whose 
average duration is 24^ 64“ of our ordinary time, which 
last 13 solar time, being of necessity conformable to the 
sun's successive reappearances, on which all the business 
of life depends 

(144 ) Now, all the stars are found to be unanimous an 
giving the same exact duration of 23^ 66 4 09^ for the 
sidereal day, which, therefore, we cannot hesitate to receive 
aa the period m which the earth makes one revolution on 
its axis "We are, therefore, compelled to look on the sun 
and moon as exceptions to the general law, as having a 
different nature, or at least a different relation to us, from 
the stars, and aa having motions, real or apparent, of tbeir 
own, mdependeut o! the rotation of the earth on its axis 
Thus a great and moat important distinction is disclosed 
to ua 

(145 ) To establish these facte, almost no apparatus is 
required An observer neUd only station himself to the 
north of some well deSued vertical object, as the angle of 
a building, and, placing his eye exactly at a certain fixed 
point (such as a small bole id a plate of metal nailed to 
some immovable support) notice the Bucoeiaive disappear 
ances of any star behind the building, by a watch ’ When 
he obser%e3 the sun, he must shade his eye with a dark 
colored or smoked glass, and ootice the moments when its 


* This ta sa oxeellcnt prsctlcs) inetbod of ascertelnln^ the nilo oi a clock or 
wittch being exceed cfrtr »cc rate if ■ tew precautions are atieodcd to tl o 
chief of whfcli la to (ako care 0 at lhat part of tho edffo behind n h ch tJ o alar 
(a bn({l t one not a planti) d sappeaw el all be quite smooth aa olherw «o voH 
able refraction may transfer <1 e po ot «f ^Mappearaoco from a proi be aoco to 
a notch and Ihua vair U e moment cif ohaerrat on unduly Th s la easily se- 
cured by Da Ilaif op a amooth-cddcd boari. The rortiealiiy of iw od^ abouJd 
be ioaured by tho oae of a plumb line. 



OUTLINES OF ASTSO\Oin' 


123 


vrestern and eastern edges succesatrelj conie ap to the wall, 
from whict, by taking half the inter\al» lie ascertain 
(what he cannot directly o&serie) the moiiient of disappear 
ance of its centre 

(146 ) When, in pursuing and establishing this general 
fact, we ore led to attend more nicely iO the times of the 
daily arrival of the sun on the meridian, irregularities (such 
they first seem to be) begin to make their appearance The 
intervals between two successive arrivals are not the same 
at all times of the year They are sometimes greater, some 
times less, than 24 hours, as shown by the clock, that is to 
say, the tolar day is not always of the satfie length About 
the 2Xst of December, for example, it JS half a minute 
longer, and about tbc same day ol Sep'^mnber iiEHriy as 
much thorUr, than its average duration thus a dis 

tinciion is again pressed upon our notice between the 
actual Bolir day, which is never two days m succession 
alike, and the mean solar day of 24 hours, which is au 
average of all the solar days throughout the year Here, 
then, a new source of inquiry opens to 03 The sun’s ap 
parent motiou is not only not the same with that of the 
stars, but it is not (as the latter is) timfonn It is subject 
to fluctuations, whose laws become matter of investigation 
But to pursue these law®, we require nicer means of obser 
vation than what we have descnbed, and are obliged to call 
in to our aid an instrument called the transit instrument, 
eapeeially destined for such observational and to attend 
minutely to all the causes of irregulanty m the going of 
clocks and watches which may affect our reckoning of 
time Thus we become involved by degrees m more and 
more delicate instrumental inquiries, and we speeddy find 
that, in proportion as we ascertain the amount and law 
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of one great or leading fluotoation, or inequality, as it is 
• called, of the sun’e diurnal motion, we bring into view 
others continually smaller and smaller, which were before 
obscured, or mixed up with errors of observation and in 
strumental imperfections In short, we may not inaptly 
compare the mean length of the solar day to the mean or 
average height of water in a harbor, or the general level 
of the sea unagitated by tide or wives The great annual 
fluctuation above noticed may be compared to the daily 
variations of level produced by the tides, which are noth 
mg but enormous waves extending over the whole ocean, 
while the smaller subordinate inequalities may be assiini 
lated to waves ordinarily go colled, on which, when large, 
we perceive lesser undulations to nde, and on these, again, 
minuter ripplings, to the senes of whose subordination we 
can perceive no end 

(147 ) With the causes of these irregularities m the solar 
motion we haie no concern at present, their explanation 
belongs to a more advanced part of our subject but the 
distinction between the solar and sidereal days, as it per 
vades every part of astronomy, requires to be early intro 
duced, and never lost sight of It is, as already observed, 
the 7n«an or average length of the solar day, which is used 
in the civil reckoning of time It commences at midnight, 
but astronomers, even when they use moan solar time, de 
part from the civil reckoning, commencing their day at 
noon, and reckoning the hours from 0 round to 24 Thus, 

11 o'clock in the forenoon of the second of Jannaiy in the 
civil reckoning of time, corresponds to January 1 day 23 
hours in the astronomical reckoning, and 1 o'clock in 
the afternoon of the former, to January 2 dajs 1 hour 
of the latter reckoning This usage has its advantages and 
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di«a(lvantagc<<, bat the latter eeem to preponderate; and it 
would be well if, in conseqacncc, it coaid bo broken 
through, and tho civil reckoning substituted. Uiu/ormiiy 
in nomenclature anti nodey of rtel.onit\Q in all matters relal' 
inff to time, space, iceight, measure, etc., is of such last and 
paramount imporiancc »i» etery relation of life as to outv'eigh 
etery consideration of UcJtnical ronientence or custom.' 

(148.) Both astronomers and civilians, however, who 
inhabit different points of tbo earth's surface, diltcr from 
each other m their reckoning of timo; as it is obvious tbej 
must, if we consider that, when it is noon at one place, it 
is midnight at a place diametrically opposite; stinnso at 
another; and sunset, again, at a fourth. Hence arises coo* 
siderablo inconvcnieoce, especially os respects places diilcr* 
ing very widely in situation, and which may oven in-^ome 
critical cases involve the mistake of a whole day. To ob* 
viate this inconvenience, there has lately been introduced 
a system of reckoning time by mean solar days and parts 
of a day counted frons a fixed instant, common to all tho 
world, and determined by no local circumstance, such as 
noon or m.idaigh.t, hut by the taQUon ot tho aun among 
the stars Time, so reckoned, is called equinoctial time; 
and IS numerically the same, at the same instant, in every 
part of the globe. Its ongin will be explained more fully 
at a more advanced stage of our work. 


* The onl; disadvaalatre to Mtrononien ot usic^ the cItII reckoning is this 
—that their observstions being chloSj carried on during tbo night, the daj ot 
their date will, in this reckooiog, alws^e hare to bo changed at midnight, and 
the former and latter portioo of everjr night's obeorratlons wiU belong to two 
diSerentlir natnbered civil days of the ntooUi There is no dcoTing this to bo 
VuesTmiuARAib wi.vtfiM'ii/istnr’rsilfatttxh 

mast be cheerfulif stibonttod to 1^ all who resolve to act on general principles. 
All other classes ot men whoso oixnpatioa extends to the night as well as daj, 
submit to it, and find their advantage fax doing so 
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(149 ) Time is an essential dement in astronomical ob 
senation, in a twofold point of view — Ist, As the represen 
tati\o of angular motion The earth’s diurnal motion being 
nnifonn, every star describes its diurnal circle uniformly, 
and tbo timo elapsing between the passage of the stars in 
succcs'uon across the meridian of any observer becomes, 
therefore, a direct measure of their differences of ri^ht 
ascension Sdl^, As the fundamental clement (or natural 
independent tartahU, to use the language of geometers) in 
all dynamical theories The great object of astronomy i3 
the determination of the laws of the celestial motions, and 
their reference to their proximate or remote causes Now, 
tbo statement of the law of any observed motion in a ceJes 
tial object can be ao other than a proposition declaring what 
has been, is, and wiU be, tbo real or apparent situation of 
that object at any time, past, present, or future To com 
pare such laws therefore, with obsenation we must possess 
a register of the observed situations of the object in ques 
tion, and of the hmci when they were observed 

(160 ) The measurement of time is performed by clocks, 
chronometers clepsydras, and hour glasses The two former 
are alone used in modern astronomy The hour glass is a 
coarse and rude coatnvanco for measuriog or rather count 
mg out fixed portions of time, and is entirely disused The 
clepsydra, which measured time by the gradual emptying 
of a large vessel of water through a determinate orifice, is 
susceptible of considerable exactness and was the only 
dependence of astronomers before the invention of clocks 
and watches At present it la abandoned, owing to the 
greater convenience and exactness of the latter instruments 
To one case onfy has the revivaf of its use been proposed, 
VIZ , for the accurate meoBuremeat of very small portions 
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o[ time, by the flowing oat of mercury from a email orifice 
in the bottom of a vessel, kept constantly full to a fixccl 
height. The stream is intercepted at the moment of noting 
any event, and directed aside into a receiver, into which it 
continues to run, till the moment of noting any other event, 
when the intercepting cause is suddenly removed, the stream 
flows in its original course, and ceases to run into the re- 
ceiver. The tceight of mercury received, compared with the 
weight received in an interval of time observed by the 
clock, gives the interval between the events observed. 
This ingenious and simple method of resolving, with all 
possible precision, a problem of much importance in many 
physical inquiries, is due to the late Captain Eater. 

(151.) The pendulum clock, however, and the balance 
watch, with those improvements and refinements m its 
structure which constitute it emphatically a chronometer,* 
are the instrumeuts on which the astronomer depends for 
his knowledge of the lapse of time. These instruments 
are now brought to such perfection, that a habitual irreg- 
ularity 10 the rate of going, to the extent of a single second 
in twenty four hours in two consecutive days, is not toler- 
ated in one of good character; so that any interval of time 
less than twenty-four hours may be certaiuly ascertained 
within a few tenths of a second, by their use. In proportion 
as intervals are longer, the nsk of error, as well as the 
amount of error risked, becomes greater, because the acci^ 
dental errors of many days may accumulate; and causes 
producing a slow progressive change in the rate of going 
may subsist unperceived. It is not safe, therefore, to trust 
the determination of time to clocks, or watches, for many 


• x^rot, thne; to measnr*. 
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dijs in sncce^uon, Tvitlioul cheeking tliom, ‘ind aacertainiDg 
thetr errors bj re/eronco to natitrnl events which wo know 
to happen, (!n> after clay, at equal intervals But if this 
be (lone, the longest intervals maj be fixed with the same 
precision as tho shortest, since, in fact, it is then only the 
times interv cning between the first and tho last moments of 
such long intervals, and such of those periodically recurring 
events adopted for our points of reckoning, os occur withm 
twenty four honra respectively of enber, which we measure 
by artificial means The whole days are counted out for us 
by nature, tho fractional parts only, at cither end, arc mcas 
ured by our clocks To keep tho rcoLoning of the integer 
days correct so that none shall be lost or counted twice, is 
the object of tho calendar Clironologj marks out the order 
of succession of events, and refers them to tboir proper years 
nod days, while chronometry, grounding its determinations 
on the prcoiBd observation of such rcguKrly periodical events 
as can be conveniootly and exactly subdivided, enables us to 
fix the moments m which phenomena occur, with the last 
degree of precision 

(152 ) Jo fheruhttva/j&n or/rawtJ(t e the pa&sage ae/oas 
the meridian of an observer) of every star in the heavens, he 
18 furnished with such a regularly periodical natural event 
as we allude to Accordingly, it is to the IranatU} of tho 
brightest and most conveniently situated fixed stars that 
astronomers resort to ascertain their exact time, or, which 
comes to the same thing, to determiue the exact amount 
of error of their clocks 

(163 ) Before we describe the instrument destined for 
the purpose of observing such culminations, howeyer, or 
those intended for the measurement of angular intervals in 
the sphere, it is requisite to place clearly before the reader 
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tlic principle on which the telescope »3 applied m astronomy 
to the precise deiennination of a direction m space — that, 
namely, of tile Msnal ray by which wo see a star or any 
other distant object 

(154 ) The telescope most commonly used in astronomy 
for these purposes is the refracting telescope, which const«t3 
of an object glas (cither single, or as is now almost nniver 
sal, double, forming what is called m optics, an achromatic 
combination) A, a tube AB, into which the brass cell of the 
object glass is firmly screwed, and an eye lens C, for which 
13 often Bubstitnted a combination of glasses designed to in 



crease the magnifying power of the telescope or otherwise 
give more distinctness of vision according to optical prin 
ciples which we have no occasion hero to refer to Tins 
also IS fitted into a cell, which is screwed firmly into the 
end B of the tube, so tbnt object glass, tube and eye glass 
may be considered os forming one piece, invariable in the 
relative position of its parts 

(16o ) The line P Q joining the centres of the object and 
eye glasses and produced, is called the axis or Ixneof colhma 
ixon of the telescope And it is eiident that the situation 
of this line holds a fixed relation to the tube and its appen 
dages, so long as the object and eye glasses mamtam their 
fixity in this respect 

(150 ) Whatever distant object E this line is directed to, 
an inverted picture or imagine of that object F is formed 
(according to the principles of optics), in the focus of the 
object glass, and may there be viewed as if it uere a real 
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object, through the eye lens C, which (jf of short focus) ca 
abics us to matjnx/ij it ]ust as such a lens woald magnify a 
material object in the same place. 

(167 ) Now as this imago is formed ami viewed in the 
air, being itself immoteml and impalpable— nothing pro 
vents onr placing in that lery place F in the axis of the 
telescope, a real, substantial object of 7ctj ilehnito form and 
delicate make such as a fiao metallic point, os of a needle— 
or better still, a cross formed by two very One threads 
(spider lines'), thin metallic wires, or lines drawn on glass 
intersecting each other at right angles — and whoso intcrsec 
tion 18 all but a matbctnatical point If such a point, wire, 
or cross be carefully placed and firmly fixed m the exact 
focus F, both of the object and eye glass, it will be eteo 
through the latter a.i ihe tame Ume, and occupying the tame 
precise place as tbe image of the distaat star E The mag 
oifyiog power of the lens renders perceptible the smallest 
deviation from perfect coincidence, which should it exist, 
IS a proof, that the axis Q P is not directed ngoronsly 
toward £ In that case, a fine motion (by means of a screw 
duly applied) communicated to the telescope, will be neceg 
sary to vary the direction of the axis till the coincidence is 
rendered perfect So precise is this mode of pointing found 
in practice, that the axis of a telescope may be directed 
toward a star or other definite celestial object without an 
error of more than a few tenths of a second of angular 
measure 

(168 ) This application of the telescope may be consid* 
ered as completely annihilating that part of the error of 
observation which might othernnsd anse from an erroneous 
estimation of the direction in which an object lies from the 
observer s eye, or from the centre of the instrument It is, 
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is lict, tb® gnnd loarce of all the precision of modem os- 
Ironomj, wiihoal wLi-h all other refinerapQU m iwlrumen 
tal wor'iwmacship woolil te throira away, the erro-a cajable 
of being committed m pomtiag to an olije< t, srithout auch 
as3 stance, being far greater than rrbat could an^e from any 
but the very coarsest gradoatioo * In fact, the te’c^coj>c 
4has applied becomes, with respect to angular, what the 
rntc’'oscope is with respect to !m'"ar dimension Bj conccn 
trating attention on its amallcst parti, and magnifying into 
palpable interrali the minateat dilTercncei, it enables ui 
not only to ecmtinize the form and strnctore of the objecLi 
to which It IS pointed, but to refer their apparent places, 
with all but geometrical preemon, to the parts of any scale 
with which wo propose to compare them 

(159 ) We now rctnro to our subject the flciermination 
of time by tbc transits or colninatiom of celciiinl objects 
The instrumeni with which such culminations arc observed 
w callel a transit instrument It coniisM of a tele«(.ope 


* Tli« ionor of UiU eaplul Improvvtneai 1^ beea tuccMufuIl/ vloj calM 1 7 
Derbao (PtiU. Trvi«. xsx 193) to <mr /outiz mIfqUhI aiKl naforturiRte cn intr^ 
1230 Oa*of>3^oo SrPto ePfT03pi>od>^r9 witi) CroSunm 3»i JSprmiM in ii» 
(Dvrlan a) poafcMloa Th« cluxi \>j I>Frb 4 m {rom tbf>*o Ictirn J^firo 

CO duubt tbit, M Mfl/ M 1049 bad appl eU leleiacopri to bU <iuid 

nn 4 And MxtJiaU witV tSrtttdt <» tV* conmon /utiu tf glatits aod h*d 
eren carried Ibe ioTentloo lo itr m to Ulumlakia Ihs De!d ot view bj trt flo«l 
li,(bt «rbeh be tousd eery heljifnt >ehen i\* meon apptartVi ool or it ii not 
eOtertcist rnoujh ' TIe«e Inrettlena were (reel/ commuDientM l>f t m 
toCfftbiree and tbrough bin to > it (rieod llorrockea the pride and toAtiof 
British attronomj, both of whoot expfe«<«d their unbonaded admiration of tl la 
and man/ oil er of bl« delicate and admirable ImproTemcnta in the art of obecr 
Tiilon Gaacottfoe t owerer perlibed at the aze of twrntr il rcc ac the brlile 
of Uarfioo Hour, and tl e pretnatar* and audden death of llorrockn at a jet 
earl er age will accouoi t 1 tie lemporary ollltlo i of lie It reutlo U waa 
rerlred or re-lnreniad In ICST b/ rieard and Auxout (lAlande Aitmn 33101 
after which iu uae became tintreraal Uorin even earlier then Clucolyne (in 
103S) had propoKwl 10 aabatlt itn tl e toleacom for plain a irl la tut It la il 0 
thread or wire airetcbed In the foe a with wl Ich the imap) of a etar enn bo 
broDzbt to exact eoineldenco which girea tie icleacope Ita adTCDtago In prae 
tice and the Idea of tbla doM pot seem to hare occurred to Uorin. (See 
Lalaoda vtf mprd.) 
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fimjly fastened on a horizontal axis directed to the east 
and west points of tbo horizon, or nt right angles to the 
plane of the mondian of tho place of observation The 
extremities of tho axis are fonned into cylindneal pivots 
of exactly equal diameters, vrhich rest m notches formed in 
metallio supports, bedded (in tho case of Hrgo instrnraenta) 
on strong pieces of stone, and siisccptiblo of nice adjustment 
by screws, both in a ^ erticnl and horizontal direction By 
the former adjustment, tbo axis can bo rendered precisely 
horizontal, by Utelhng it witb a level made to rest on 
tho pivots By the latter adjastment the axis is brooght 



precisely into the cast and west direc 
tioQ, tbo criterion of which is fnrnished 
by the observotions tbemselves made with 
the lostniment, lo a maoner presently to 
bo explained, or by a well dedned object, 
called a meridian mark, originally deter 


mined by such observations, and then, lor convenience 


of ready reference, permanently established, at a great dis 


tance, exactly in a meridian line passing through the central 


point of tho whole jnsirumont. It is evident, leom this 
description, that, if the axis or line of collimation of the 
telescope, be once well adjusted at right angles to the axis 
of the transit, it will never quit the plane of the meridian, 
when the instrumeDt is tamed round on its axis of rotation 


(160 ) In the focus ot the eye piece, and it right angles 
to the length of the telescope, is placed, not a single cross, 
as in our general explanation in art 167, but a system of 
one honzontal and several equidistant vertical threads or 
wires (five or seven are more usually employed), as repre 
sented in the annexed figure which always appear m the 
field, of vtetv, when properly illuminated by day by the light 
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ol tho Bky, by night by that of a lamp introduced by a con- 
trivance not neccagary here to explain- The place of this 
system of wires may bo altered by adjusting scrovrs, giving 
it a lateral (horizontal) motion; and it is by this means 
brought to such a position, that the middle one of the ver- 
tical wires shall intersect the line of eoUimation of tho tele- 
scope, where it is arrested and permanently fastened.’ In 
this situation It is evident that the middle thread will bo a 
visible representation of that portion of the celestial merid- 
ian to which the telescope Ls pointed: and when a star is 
seen to cross this wire in the telescope, it 
is in the act of cnlminating, or passing the 
celestial meridian. The instant of this event 
is noted by the clock or chronometer, which 
forms an indispensable accompaniment of the 
transit instroment. For greater precision, the moments of 
its crossing all the vertical threads is noted, and a mean 
taken, which (since the threads are equidistant) would give 
exactly the same result, were all the observations perfect, 
and will, of coarse, tend to subdivide and destroy their 
errors in an average of the whole m the contrary case. 

(161.) For the mode of executing the adjustments, and 
allowing for the errors uuavoidabie in the use of this sim- 
ple and elegant instrument, the reader must consult works 
especially devoted to this department of practical astron- 
omy.* Wo shall here only mention one important verifica- 
tion of its correctness, which consists in rn'erstny the ends 

' There *13 no o( bna^in^ the epfic azM ol the object gliisa to coin- 
cide tiaelly tvith tho Ime of coUnnatiiMi but, so loop as the object gbsa does 
not shilt or fthaVe In Ita cell any lin« ho(i«ny on tnrorvjble position with to- 
epect to thftt axis, mny be taVen for Ihe eonvenhonot or aaironomicol axis with 
erjunt ciTccfc 

• See Dr. Pearsou’s Treatise on Practical Astronocoy Also Bianclil Sopra 
lo Beromeato de’ Paua^l Fphem. di Uilano, 1821. 
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of tho axi 0 , or turning it ciat for weit If this 1)0 done, and 
It continue to give tho aamo rcsulte, and intereect tho satnc 
point on tho meridian ranrk, wo may bo sure that the line 
of collimntion of tho telescope is truly at right angles to tho 
axis, and dcocrihes strictly a plane, i e. marks out in tho 
hca\ena a great circle In good transit obsersations, an 
error of one or Ino tenths of a second of time in tho moment 
of a star’s culmination is tho utmost which need be appre 
bended, exclusive of the error of tho clock: in other words, 
a cltxjk may bo compared with tho earth’s diurnal motion 
by a single observation, without nsk of greater error By 
multiplying observations, of course, a yet greater degree of 
precision may be obtained 

(IG2 ) Tho piano described by tho hno of colhmation of 
a transit ouglit to be that of the meridian of the place of 
obsertation To ascertain whether it is so or not, celestial 
obsorvation must bo resorted to Now, as the meridian is a 
great circle passing through the pole, it necessarily bisects 
the diurnal circles described by all the stars, all which de 
scribe the two semicircles so arising in equal internals of 
12 fljdereal hours each Hence, if wo choose a star whose 
whole diurnal circle is shove the horison, or winch never 
sets, and observe the moments of lU upper and lower tran 
Bits across the middle wire of the telescope, if we find the 
two semidiurnal portions east and west of the plane de 
scribed by the telescope to be described in precisely equal 
times, we may be sure that plane is the roendian 

(163 ) The angular intervals measured by means of the 
transit instrument and clock are arcs of the equinoctial, in 
tercepted between circles of decimation passing through the 
objects observed, and their measurement, in this case, is 
performed by no artificial graduation of circles, bat by the 
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help ol the earth's diurnal motion, winch carries equal arcs 
of the equinoctial across tho mendtan, m equal times, at 
the roto of 15® per sidereal hour. In all other cases, when 
we would measure angular intervals, it is necessary to havo 
recourse to circles, or portions of circles, constructed of 
metal or other drm aud durable material, and mechanically 
subdivided into equal parts, such os degrees, minutes, eta 
The simplest and moat obvious mode m which the measure* 
ment of the angular lutcnal between two directions in space 
can be performed is as follows Let A B 0 D be a circle, 
•divided into 860 degrees (uumbered m order from any point 
0® m the circumference, round to the some point again), and 
connected with its centre by 
spokes or rays, x, t/, z, firmly 
united to its circumference or 
At the centre let u 
circular hole be pierced, in 
which shall move a pivot 
exactly fitting it, carrying a 
tube, whose axis, a b, is ex 
actly parallel to the plane ol the circle, or perpendicular to 
the pivot, and also two arms, m, n, nt right angles to it, and 
forming one piece with tho tube and the axis, so that the mo- 
tion of the axis on the centre shall carry the tube and arms 
smoothly round the circle, to be arrested and fixed at any 
point we please, by a contrivance called a clamp Suppose, 
now, we would measure the angnlar interval between two 
fixed objects, S, T The plane of the circle must first be 
adjusted so as to pass through them both, and immovably 
fixed and maintained in that position This done, let the 
axis a b ol the tube be directed to one of them, S, and 
damped Then will a mark on the arm nt point either ex 
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actly to some one of the dirisions on the limb, or between 
two of them adjacent In the former case, the division 
mnst be noted as ike reading ot the arm m In the latter, 
the fractional part of one whole interval between the con 
secutive divisions by which the mark on m surpasses the 
last inferior division must be ^timated or measured by 
some mechanical or optical means (See art 165 ) The 
division and fractional part thus noted and reduced into 
degrees minutes and seconds, is to be set down as the 
reading of the Itmb corresponding to that position of the iule 
a b where it points to the object S The same must then 
be done for the object T, the tube pointed to it and the 
limb read off^ the position of the circle remaining mean 
while unaltered It is manifest then, that if the lesser of 
these readings be subtracted from the greater ihexr difference 
will be the angular interval between S and T, as seen from 
the centre of the circle at whatever point of the limb the 
commencement of the graduations or the point 0^ be 
situated 

(164 ) The very same result will be obtained, if instead 
of making the tube movable upon the circle, we connect iP 



invariably with the latter, and make both revolve together 

on an axis concentric with the circle, and forming one piece 

with it, working in a hollow formed to receive and fit it in 


OUTUNES OF ASTIiO^Oln' 


187 


some fixed support Such a combination is represented in 
section in the above sketch T is the tube or sight, Tasl- 
ened, at p p, on the circle A B, whose axis, B, worLa in the 
solid metallio centring E, from which originates an arm, F, 
carrying at its extremity an index, or other proper mark, to 
point out and read off the exact division of the circle at B, 
the point close to it It is evident that, ns the telescope 
and circle revolve through any angle, the part of the limb 
of the latter, which bj soch revolntion is earned past the 
index F, will measure the angle described This is the 
most nsaal mode of applying divided circles in astronomy 
(165 ) The index F may either be a simple pointer, like 
a clock hand (Jig a), or a vernier (Jig b), or, lastly, a com 



pound microscope (fig c) represented in section in fig d, 
and furnished with a cross in the commoa focus of its object 
and eye glass, movable by a fine threaded screw, by which 
the intersection of the cross may be brought to exact coin 
cidence with the image of tbe nearest of the divisions of the 
circle formed in the focus of the object lens upon the very 
same pnnciple with that explained art 167 for the point 
ing of the telescope, only that here the fiducial cross is made 
movable, and by tbe turns and parts of a turn of the screw 
rea aired for this purpose the distance of that division from 
the original or zero point of the microscope may be esti 
mated This simple but delicate contrivance gives to the 
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reading off of a circle a degree o£ accuracy only limited by 
tbc power of the microscope and the perfection with which 
a screw can be executed, and places the subdivision of 
angles on the same footing of optical certainty which is 
introduced into their measurement by the use of the tele 
scope 

(166 ) The exactness of the result thus obtained must 
depend, 1st, on the precision with which the tube a 6 can 
bo pointed to the objects, 2dly, on the accuracy of gradaa 
tion of the limb, 3dly, on the accuracy with which the sub 
division of the intervals between any two consecutive grad 
nations can be performed The mode of accomplishing the 
latter object with any required exactness has been explained 
in the last article With regard to the graduation of the 
limb, being merely of a mechamcal nature, we shall pass 
it without remark, further than this, that, id the present 
state of instrument making, the amount of error from this 
source of inaccuracy is reduced within very narrow limits 
indeed ' With regard to the first, it must be obvious that, 
if the sights a be nothing more than simple crosses, or 
pm boles at the ends of a hcOJow tube, or an ©ye bole 
at one end, and a cross at the other, no greater nicety in 
pointing can be expected thao what simple mrioq with the 
naked eye can command But if, in plice of these simple 
but coarse conttirauces, the tube itself be converted into 
a telescope, having an object glass at i, on eye piece at a, 
and a fiducial cross lu their common focus, as explained 
in art 167, and if the motion of the tube on the limb of 
the circle be arrested when the object is brought just into 


» In the greav Frtel c rcle »t Fulkova thepwliallu amontit ol the eeeidaiUil 
error ot dir eo t auted b/ M. Strare not to exceed 0” 361 Fesa de J Oba. 
ceotr^e da ^Ikora p llT 
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coincidence with the intcrsectional point of tliatcro^s, it is cm 
dent that a greater degree of CTactne-^s inaj be attained in the 
pointing of the tnbe than by the umsiisted eye, in proportion 
to the magnifying power and distinctness of the telescope used 
(167 ) The simplest mode in which the measurement of 
an angular interval can be executed, is what wc hasc just 
desenhed, but, in stnelness, this mode is applicable only 
to terrestrial angles, such as those occupied on the sensible 
horizon by the objects which sarronud our station — bccauso 
these only remain stationary during the intcnal while the 
telescope is shifted on the hmb from one object to the 
other But the dmmal motion of the heavens, by destroy 
mg this essential condition, renders the direct measurement 
of angular distance from object to object by this means im 
po'sible The same objection, howei cr, does not apply if 
wc seek only to determiue the lotcraal between the dturriaf 
circles described by any two celestial objects Suppose 
every star, in its diurnal revolution were to leave behind 
It a visible trace in the hea\ens — a fine line of light for la 
stance — then a telescope once pointed to a star, so as to 
haae its image brought to coincidence with the intersection 
of the wires, would constantly remain pointed to some por 
tion or other of this bne which would therefore continue 
to appear in its field ns a luminous Imc permanently inter 
secting the same point, till the star came round again 
From one such line to another the telescope might be 
shifted, at leisure, without error, and then the angular 
interval between the two diurnal circles, in the plane of (he 
telescope a rotation, might be measured Now, though we 
cannot see the path of a star in the heavens, we can uaif 
till the star itself crosses the field of view, and seize the 
moment of its passage to place the intersection of its wires 
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f>o thfil the /'tar /»hn)l tra^erwit, bj wh/cl/, when the tc!e 
pcopo m Troll clnnipul, r.o teiiiaiU well /■ccurc ilio poaitioa 
ol ilfl dmrnnl circle n«» »( wo contmnul to tee it ever bo 
long Tho rfuling ofl of the limb mn_> then bo perfortned 
nl loi'»urc, and when nnothor etircoinc'^ round tnlo the piano 
o! tho circle, wo innj unclamp the telc’cope, nnd a similar 
observation will enable «a to assign the pi itc of its diurnal 
tirclo on tho limb nntl tho obsenations tuny be repealed 
alternately, ever^ day, ns the ntim pass, till wc arcBaliafled 
w ith tlicir result 

(ICS ) Tins js tho principle of the mural circle, which w 
nothing niorc than ruch a circle as wo hare dcBcnlicd to art 
IC3 firmly Bupjiortcd, in tho piano of the mcndinn, on a 
long and powerful honzoiital axis This axis is let into 
a mnssivo pier, or wall, of otono (whence tho name of tho 
instrument) and bo secured byacrowB as to bo capable of 
adjustment both in n rortical and borizoctnl direction, so 
that, like the axis of the transit, it can l>c mAintained in the 
exact dircctien of tho cast and wc»t points of the honzon, 
the piano of tho circle being consequently truly meridional 

(1(19 ) The mcndian being at right angles to all the 
diurnal circles described hy tho stars, its arc intoroepted 
between any two of them will meoauro tho least distance be 
tween these circles, and 'will bo equal to tho diflorenco of 
the decimations, ns also to the dillorenco of the mfrtdmn 
altitudes of the objects— -at least when corrected for refrac 
tion These differences, then, are the angular mtenals 
directly measared by Ibe mural circle Bat from these, 
supposing tho law and amount of refraction known, it is 
easy to conclude, not thoir differences only, but tho quan 
titles themselves, as we shaff now cxpfam 

(170) Tho decimation of a heavenly body is the com 
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pleraent of its distance from tUe pole The pole, being a 
point in the meridian, might be directly observed on the 
limb of the circle, if any star stood exactly therein, and 
thence the polar dialances, and, of course, the declinations 
of all the rest, might be at once determined Bat this not 
being the case, a bright star as near the pole os can be 
found 13 selected, and observed in-its upper and loner 
culminations, that is, when it passes the meridian alote 
and below the pole Ivow, as its distance from the pole re 
mama the same, the dtilercnce of reading oS the circle m 
the two cases is, of course (when 
equal to twice the polar distance 
of the star, the arc intercepted on 
the limb of the circle being, m 
this case, eqnal to the angnlar 
diameter of the star's dmrnal cir 
cle In the annexed diagram, 

H P 0 represents the celestial 
meridian, P the pole, D B, A Q, 

C D the dmrnar circles of stars which arnve on the mend 
lan at B, A, and G in their upper and at R, Q, D m tlicir 
lower culminations, of which B and Q happen above the 
horizon HO P is the pole, and if we suppose h p o to 
be the mural circle, having S for its centre, b a c p d will 
be the points on its circumference corresponding to B A C 
P D in the heavens Now the arcs b a, b c,b d, and c d 
are given immediately by observation, and since 0 P= 
P D, we have also cp=p d, and each of thcm=i c d, con 
sequently the place of the polar poxnt, as it is called, upon 
the limb of the circle becomes known and the arcs p Z> p a, 
p c, which ropreseut on the Circle the polar distances re 
quired, become also known 


corrected for refraction), 
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(171 ) Tho sitiiition of the polo star, which la a vcij 
bnllnnt one, is ominontly favorable for this purpose, being 
only about a degree and half from the pole, it is, therefore, 
the star usually and almost solely chosen for this important 
purpose, tho moro especially because, both its culminations 
labiDg place at great and not \cry different altitmles tho 
rcfnctiona by which they are affected are of small amount, 
and differ bat slightly from each other, so that their correc- 
tion IS easily and s'vfely applied The brightness of the 
pole star, too, allows it to bo easily observed in tho daytime 
In conscqucnco of these peculiarities this star is one of con 
stant resort with astronomers for the adjustment and veriQ 
cation of instruments of almost every description In the 
case of the transit for instance, it furnishes an excellent 
object for the application of the method of testing the 
meridional situation of the instrument described in art. 
162 10 fact, the most adiantageous of any for that pur 
pose, owing to its beiug the most remote from the zenith, 
at its upper culounatiou, of all bright stars observable both 
above and below the pole 

(172 ) The place of the pofar point on the iimb of the 
mural circle once determined, becomes an ongin or zero 
point from which the polar distances of all objects referred 
to other points on the same limb, reckon Xt matters not 
whether the actual commencement 0° of the graduations 
stands there or not since it is only by the differences of the 
readings that the arcs on the Umb are determined and 
hence a great advantage is obtained in the power of com 
mencing anew a fresh senes of observations, in which a 
different part of the circumference of the circle shall be 
employed and different gradimtioos brought into nse by 
which inequalities of division may be detected and neutral 
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izcd This IS accomplished practically by detaching the 
telescope from its old bearings on tho circle, and fixing 
It afresh, by screws or clamps, on a different part of tho 
circumference 

(173 ) A point on the limb of tho mural circle, not less 
important than the polar point, is the horizontal poin/, which, 
being once known, becoroea in like manner an origin, or 
zero point, from which altitudes are reckoned The pnn 
ciple of its determination is ultimately nearly the same 
with that of the polar point As no star exists in the 
celestial horizon, the observer must seek to determine two 
points on the lirab, tho one of which shall be precisely 
as far hzhw the horizontal point as the other is above it 
For this purpose, a star is observed at its culmination on 
one night, by pointing the telescope directly to it and the 
next, by pointing to the image of the same star reflected in 
the still, unrufHcd surface of a fluid at perfect rest Mer 
cury, as the most reflective fluid known, is generally chosen 
for that use As the surface of a fluid at rest is necessarily 
horizontal, and as the angle of reflection, by the laws of 
optics, IS equal to that of locidence, this image will be just 
as much depressed below the horizon as the star itself is 
above it (allowing for the difference of refraction at the 
moments of observation) The arc intercepted on the limb 
of the circle between the star and its reflected image thus 
consecutively observed, when corrected for refraction, is 
the double altitude of the star, and its point of bisection 
the horizontal point The reflecting surface of a fluid so 
used for the determination of the altitudes of objects is 
called an arUficial horizon ’• 


I* By ft peculiar and del cato mftnipnlftltoa and mauagemeat of the MtbDg 
bUcctlOQ &nd roadiog oft of the orel^ idded by the use of a moT&ble horuont^ 
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(171 ) The mura! circle is, in fact, ot the same ticie, a 
transit instrument, and, if lurmalicd with a proper eastern 
of vertical wires in the focus of its telescope may bo used 
as such As tho axis, however, is only supported at one 
end, it has not tho strength and permanence necessary for 
the more delicate porposes of a transit, nor can it be ven 
fied, as a transit may, by the rtversal of tho two ends of its 
axis east for west Nothing, however, prevents a divided 
circle being permanently fastened on the axis of a transit 
instrument, either near to one of its extremities, or close 
to the telescope, so as to revolve with it, the reading oS 
being performed by one or more microscopes fixed on one 
of Its piers Sucli aa instrument is called a tbaksit oibcle, 
or a UEBioiAK ctnoLE and serves for the simultaneous de 
termination of the right ascensions sod polar distances ot 
objects observed with tt the time of transit being noted 
by the clock, and the circle being read oC by the lateral 
microscopes There is much advantage when extensive 
catalognes of small stars have to be formed, la this simul 
taneoQs determination of both their celestial co ordinates 
to which may be added the facility of applying to the 
meridian circle a telescope of any length and optical power 
The coQstractioD of the muni) circle renders this highly m 
convenient, and indeed impracticable beyond very moderate 
limits 

(176) The determination of the horizontal point on the 
limb of an instrument la td such essential importance in 
astronomy, that the student should be made acquainted with 

m crometric wlw in the focna ol the object glass U ta found practicable to obsorre 
a slov moving alar (as the pole starjei* eft# and ffie fam« nt^ht both if reSeo- 
t on and direct t b on buSc enUv near to e tfaer culn satuni to give Ibe hor ton 
tal point enebout risking the change ot rafracbon la (went; four boure, eo that 
this eourco of error la thus complete^ ehmisated. 



liQ OUTZJMiS OF ^S^7l0^03Iy 

^is interval, it is dear that C D can have no other than one 
(leGatte inchnation to tbo horizon, because, wereitcverso 
little moved one way or other, the bubble would shift its 
place, and run toward the elevated side Suppose, now, 
that wo would ascertain whether any given line P Q be hon 
zontal, let the base of the level 0 D be set upon it, and note 
the points a b, between which the bubble is exactly con 
tamed, then turn the level end tor cod, so that C shall rest 
on Q and D on P If then the bubble continue to occupy 
the same place between o and A, it is evident that P Q can 
bo no otherwise than horizontal If not, the side toward 
which tho bubble runs is highest, and must be lowered 
Astronomicallevels arc furoisbed with a divided scale, by 
which the places of the ends of the bubble can be nicely 
marhed, and it is said that they can be executed with such, 
delicacy, as to indicate a single second of angular deviation 
from exact honzontality In such levels accident is not 
trusted to to give the requisite curvature They are ground 
and polished internally by peculiar mechanical processes of 
great delicacy 

(177 ) The mode in which a level may be applied to find 
the horizontal point on the limb of a vertical divided circle 
may be thus explained Let A B be a telescope firmly fixed 
to such a circle, DBF aod movable in one with it on a 
horizontal axis 0, which most be IiLe that of a transit, sus 
ceptible of reversal (seo art 161) and with which the circle 
13 inseparably connected Direct the telescope on some dis 
tant well defined object S, and bisect it by its horizontal 
■wire, and in this position clamp it fast Let L be a level 
fastened at nght angles to an arm LET furnished with a 
XQicroaao^, of vefoier ail^y aad it we please, anotber atB 
Let this arm be fitted by grinding on the axis C, but capable 
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of moving amoothly on it without carrying !t round, and 
also of being clamped fast on it, bo os to prevent it from 
moving until required While the telescope is kept fixed 
on the object S, let the level be set so as to bring its bubble 
to the marks o I, and clamp it there Then will the arm 
Ij C F hare some certain determinate inclination (no matter 
what) to the horizon In this position let the circle be read 
off at F, and then let the whole apparatus be retersed by 
turning its horizontal axis cod for end, wtlhout vnelamptng 
Vie level arm from the axis This done, by the motion of 
the whole instrument (Ic^^l ^^us, restore the 

leiel to Its horizontal position with 
the bubble it a b Then wo are 
sure that the telescope has now 
the same tnclinatiou to the hon 
zoo Vie oV er xeay that ii had when 
pointed to S and the reading off 
at F TTiU not have been changed 
liow unclamp the lc^tl and, 
keeping it nearly horizontal, torn 
round the circle on the axis, eo 
as to carry back the telescope through the tenxth to S and 
ID that position clamp the circle and telescope fast Then 
It IS evident that an angle equal to twice the zenith dis 
tance of S has been moved over by the axis of the tele 
scope from its last position Lastly without unclampiug 
the telescope and circle, let the level be once more recti 
fied Then will the arm L E F once more assume the 
same definite position with respect to the horizon and, 
consequently, if the circle be agmn read ofi the differ 
ence between this and the previous reading must measure 
the arc of its circumference which has passed under the 
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point P, which may bo con«ildercd ns having all the while 
retimed an invariable position This dtlTerence, then, will 
be the doable zenith distance of S, and its half will be the 
zenith distance simply, the complement of which is its alti 
tnde Thus the altitude corresponding to n given reading 
of the limb becomes known or, in other words, the hon 
zontal point on the limb is ascertained Circuitons as tins 
process may appear, there is no other mode of employing 
the level for this purpose which docs not in the end come to 
the same thing Most commonly, however, the level is u'led 
as a mere Jiductal reference, to preserve a horizontal point 
once well determined by other means, which 19 done by ad 
juating It 80 as to stand level when the telescope is truly 
horizontal, and thus leaving it, depending on the perma 
nence of its adjnstment 

(178 ) The last but probably not the least exact, ns it 
certainly is in innumerable cases, the most convenient 
means of ascertaining the homonlat point is that afforded 
by the floating collimator, an invention of Captain Katcr, 
but of which the optical principle was first employed by Bit 
teahouse, la 1783, for the parpose of Ssiag a deSatta direo 



tion in space by the emergence of parallel rays from a mate 
nal object placed in the foens of a fixed lens This elegant 
instrument is nothing more than a small telescope furnished 
with a cross wire m its focus, and fastened bonzontany, or 
as nearly so as may be on a flil iron /foat, whicJi is made to 
swim on mercury, and which, of course, will, when left to 
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itself, assame always one and the same ipvariable inclina- 
tion to the honzon. If tho croM-wirea of tlio collimator be 
illuminated by a lamp, being in tho focus (>f its object-glass, 
the rays from them will isano parallel, and will therefore l)e 
in a fit state to be bronght to a foens by the object-glass of 
any other telescope, in which they will form an image as if 
Vicy came from a ceUsltal object in Oiexr ef/rrehon, i e. at an 
altitude equal to their inchnattoo. Thus the intersection of 
the cross of the collimator may bo observed as if it uere a 
star, and that, however near the two tele^opes are to each 
other. By transferring then, tho collimator still Jloatinj on 
a vessel of mercury from the one side to the other of a cir- 
cle, we are furnished with two quasueelesti^^ objects, at pre- 
cisely equal altitadcs, on opposite sides o^ cenwo, and 
if these be observed in succession with the telescope of the 
circle, bringing its cross to bisect the image of the cross of 
the collimator (for which end the wires of the latter cross 
are purposely set 45* inclined to the honzO>t)i the difference 
of the readings on its limb will be twice the zenith distance 
of either; whence, as in the Inst article, the horizontal or 
zenith point is immediately determined. Another, and, in 
many respects, preferable form of the floating collimator, in 
which the telescope is vertical, and whereby the zenith point 
is directly ascertained, is described in the Phil. Trans 1828, 
p. 257, by the same author 

(179.) By far the neatest ami most delicnte application of 
the jin'nctjife of eolhmalion ol BiUenbouse, however, is sug- 
gested by Bohnenberger, which affords at once, and by a 
single observation, an exact knowledge of the nadir point 
of an astronomical circle. In this combination, the tele- 
scope of the circle is its own collimator. The object ob- 
served is the central intersectional cross of the wires in its 
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own focns reflected in rocrcaiy A strong illmninntion 
being thrown upon the Byalcm of wires (ntt ICO) by a lateral 
lamp, the tolescopo of tho inatrumcnt is directed vertically 
downward toward the surface of the 
merourj as in the figure annexed 
Tho raya diverging from tho wires 
issue in parallel pencils from the 
object glass nro incident on tho ^ 
mercury, and are thence reflected 
back (without losing their parallel 
character) to the object glass wl ich 
16 therefore enabled to collect tl cm 
again in its focus Thus is formed 
a reflected imago of the system of 
cross wires winch when brought 
by tho slow motion of tho telescope 
to exact coincideDco (intersection 
upon intersection) with the real system as seen in the eye 
piece of the instrumeot indicates tho precise and rigorous 
verticahty of the optical axis of the telescope when directed 
to the nadir point 

(ISO ) The transit and mnral circle are essentially mend 
lan instruments being used only to observe the stars at 
the moment of their meridian passage Independeat of this 
being the most favorable moment for seeing them it is that 
in which their dmmal motion is parallel to the horizon It 
13 therefore eas er at this time than it could be at any other 
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to place the telescope exactly in their true direction since 
their apparent course in the field of view be ng parallel to 
the hor zontal thread of the system of wires therein they 
may by giving a fine motion to the telescope be brought to 
exact coincidence with it and time may be allowed to ex 
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ammo and correct this coincidence, if not at first cccuratclj 
hit, which IS Ibo case in no other situation Generally 
speaking, all angular magnitudes which it is of importance 
to ascertain exactly, should, if possible, be obsened at tlieir 
maxima or minima of xncrca«e or dimmntion, because at 
these points they remain not perceptibly changed during a 
tnne long enough to complete, and even, in many cases, to 
repeat and ^erl^y, our observations in a careful and leisurely 
manner The angle which, in the case before us, is m this 
predicament, is the altitndo of the star, Vrliich attains its 
maximum or minimum on the mcndian, and which is meas 
ured on the limb of the mural circle 

(181 ) The purposes of astronomy, however, require that 
an observer should possess the means of observing any ob 
jecl not directly on the mcndian but at any point of its 
diurnal course, or wherever it may present itself in the 
heavens Now, a point in the sphere is determined by 
reference to two great circles at nght angles to each other, 
or of two circles one of which passes through the pole of 
the other These, in the language of geometry, are co ordt 
nales by which its situation is ascertained for instance — on 
the earth, a jlacc is known if we know its longitude and 
latitude, — in the starry heavens if we know its right ascen 
Sion and declination, — in the visible hemisphere, if we know 
Its azimuth and altitude, etc 

(182 ) To observe an object at any point of its diurnal 
course, we must possess the means of directing a telescope 
to It, which, therefore, mnst be capable of motion in two 
planes at nght angles to each other, and the amount of its 
angular motion in each most be measured on two circles eo 
ordinaU to each other, whose planes must be parallel to 
those in which the telescope moves The practical accom 
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phshment of this condition is eSected by making the axis 
of one of the circles penetrate that of the other at right 
angles The pierced axis turns on fixed supports, while the 
other has no connection with any external support, bat is 
sustained entirely by that which it penetrates, which is 
strengthened and enlarged at the point of penetration to 
receive it The annexed figure exhibits the simplest form 
of such a combination, though very far indeed from the best 
in point mechamsm The two circles are read off by ver* 
niers, or microscopes, the one attached to the fixed support 
which carries the principal axis, the other to an arm project 
iDg from that axis Bolh^ circles also are snsceptible of 
being clamped, the clamps being attached to the same ulti 
mate bearing with which the apparatus for reading off is 
connected 

(18B ) It is manifest that such a combination, however its 
principal axis be pointed (provided that its direction be m 
variable), will enable us to ascertain 
the situation of any object with re 
sped to the observer s station, by 
angles reckoned upon two great cir* 
cles ID the visible he/nisphere, one 
of which has for its poles the pro* 
longatioQB of the principal axis or 
the vaniBhing points of a system of 
bnes parallel to it, and the other 
passes always through these poles* 
lor the former great circle is the 
rsmsbiog line of all planes parallel 
to the circle A B, while »he latter, id any position of the 
icstrament, is the vanishing fine of all the plaaea paraf/ef 
to the circle G H , and these two planes being, by the con 
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BtroctiOQ of the instrument, at nght angles, the great circles, 
vihicb are their tanishing lines, must be so loo Now, if 
two great circles of a sphere be at nght angles to each other, 
the one will alwajs pass through the other’s poles 

{184 ) There are, however, but two positions in which 
such an apparatus can bo mounted so os to be of anj pmc 
tical utility m astronomy Tho 6rst is, when the principal 
axis C D IB parallel to the earth a axis, and therefore points 
to the poles of the Leavens which are the vanishing points 
of all lines in this system of parallels, and when, of course, 
the plane of the circle A B is parallel to the earth s equator, 
and therefore has the equinoctial for its vanishing circle, 
and measures, by its arcs read off, hour angles, or differ 
eoces of right ascension In this case, the great circles in 
the heavens, corresponding to the various positions, which 
the circle G H can be made to assume by tbe rotation of 
the instrument round its axis C D are all boar circles, and 
the arcs read off on this circle will be declinations, or polar 
di5t3ace<«, or their differences 

(186 ) In this position the apparatus assumes the name 
of an equatorial or as U was formerly called, a paraltaclic 
instrument It is a most convenient instrument for all such 
observations as require an object to be kept long in view, 
because being once set upon the object it can be followed 
as long as we please by a single mottorty i c by merelj turn 
iDg the whole apparatus round on its polar axis For since, 
when the telescope is set on a star, the angle between its 
direction and that of the polar axis is equal to tbe polar dis 
tance of tbe star, it follows that when turned about its axis, 
without altering the position of the telescope on the circle 
G H, the point to which it is directed will always he in the 
small circle of the heavens coincident with the star s diurnal 
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path In many obaervatioae this is an inestimable advan* 
tags, and one which belongs to no other instrnment The 
equatonal is olea used lor determining the place of aa ua* 
known by comparison with that of a known object, in a 
manner to be described in the fifth chapter. The adjnat- 
menta of the equatorial are somewhat complicated and diffi 
cult They are best performed in this manner — 1st, Follow 
the pole star round its whole dmrnal course, by which it 
will become evident whether the polar axis is directed 
above or below, to the right or to the left, of the true pole 
— and correct it accordingly (without any attempt, dunng 
this process, to correct the errors, if any, in the position of 
the declination axis) 2dly, after the polar axis is thus 
brought into adjustment, place the plane of the declination 
circle in or near the meridian, and, having there secured it, 
observe the transits of several known stars of widely differ 
eat declinations If the intervals between these transits 
correspond to the known difiterences of right ascensions of 
the stars, we may be sure that the telescope describes a true 
meridian, and that, therefore, the declination axis is truly 
perpendicular to the polar one, — if not, the deviation of 
the intervals from this law will indicate the direction and 
amount of the deviation of the axis in question, and enable 
us to correct it '* 

(186 ) A very great improvement has, within a few years 
from the present time, been introduced into the construe 
tion of the equatonal instrament It consists in applying 
a clock work movement to turn the whole instrument round 


" See ClUrow on the Adj istment of the Fqnatoflal (Ifem Ash Soc rot II 
p 4SJ wl ere formulm are given lor aseertaiD ng l! e amount ntiJ dlrecsion ol ell 
the mfaadjustmenis elmuCianeoBiilf But the practiutl ohsenrer wfrfta* 
to *TOtd hew IderJng hln delf byrfoiny tw® lb ngs «{ ooco, bad belief prowoc 
oa rocoimncnilod la the text. 
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upon Its polar axis, and so to follow the diurnal notion of 
an) celestial object, without the necessity of the observer’s 
mannal intertcntion Thcdruing power is the descent of 
a weight which commonicatea motion to a train of wheel 
work, and thus, ultimately, to the polar axis, while, at the 
same time, its too awt/l descent is controlled and rcgnlatcd 
to the exact and nniform rate required to guo that axis one 
turn in 24 hours, by conuectiog it with a regulating clock, 
or (which 13 found preferable in practice) by exhausting all 
the superflaous energy of the driving power, by causing 
it to overcome a regulated friction Artists have thus sue 
cceded m obtaining a perfectly smooth nniform, and rcyu 
lable motion, which, when so applied, serves to TCtoin any 
object on which the telescope may bo set, commodiously, 
ID the centre of the field of view for is bole hours in succes 
6100 , leaving the attention of the observer undistractcd by 
having a mechanical movemeut to direct, and with both hts 
hands at liberty 

(187 ) The other position lo which such a compound 
apparatus os wo have described in art 182 may be advan 
tagcously mounted, is that m which the principal axis 
occnpies a vertical position, and the one circle A B, con 
sequently corresponds to tbo celestial horizon, and the 
other, G H, to a vertical circle of the heavens The angles 
measured on the former are therefore azimuths, or differ 
ences of azimuth, and those of the latter zeuith distances, 
or altitndcs, according as the graduation commences from 
the upper point of its limb, or from one 90'’ distant from it 
It IS therefore known by tbe name of an azimuth and alli 
tude instrument The vertical position of its principal axis 
IS secured either by a plumb line suspended from the upper 
end, which, however it be turned round, should continue 
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always to latersect oae and tlic same fiducial mark near its 
lower extremity, or by a level fixed directly across it, whose 
bubble ought not to shift its place, on moving the instru 
meut in azimuth The north or south point on the hon 
zontal circle la ascertained by bringing the vertical circle 
to coincide with the plane of the meridian, by the same 
criterion by which the azimuthal adjustment of the transit 
18 performed (art 162) and noting, in this position, the 
reading o5 of the lower circle, or by the following process. 

(188 ) Let a bright star bo observed at a considerable 
distance to the east of the meridian, by bringing it on the 
cross wires of the telescope In this position let the hon 
zontal circle be read off and the telescope securely clamped 
on the vertical one When the etar has passed the mend 
lan, and is in the descending point of its daily course, let 
it be followed by moving the whole instrument round to the 
west, without however, unclamping the telescope, until 
It comes into the field of view, and until, by continuing 
the horizontal motion, the star and the cross of the wires 
come once more to coincide In this position it is evident 
the star must have the same precise altitude above the 
western horizon, that it had at the moment of the first 
observation above the eastern At this point let the motion 
be arrested and the horizontal circle be again read off 
The difference of the readings will be the azimuthal aro 
described in the interval Now, it la evideat that when 
the altitudes of any star are equal on either side of the 
meridian its azimuOis, whether reckoned both from the 
north or both from the ‘^outh point of the horizon must 
also be equal — consequently the north or sonth point of the 
horizon must bisect the anmathal aro lhas determined, and 
will therefore become known 
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(189) This method of determining the north nnd gooth 
points of n honzoQtal circle is called the “method of equal 
altitudes/' and is of great and constant use in practical 
astronomy If we note, at the moments of the two ob^er 
vations, the time, by a clock or chronometer, the instant 
halfway between them will be the moment of the star’s 
mondian passage, which may thus be determined without 
a transit, and, vice tend, the error of a clock or ebronom 
cler may by this process be discovered For this last 
purpose, it IS not necessary that oar instrument should be 
provided with a horizontal circle at all Any means by 
which altitudes can be measured will enable us to deter 
mine the moments when the same star arrives at equal alti 
tudes m the eastern and western halves of itsdinrnal course, 
and, these once known, tho instant of meridian passage and 
the error of the clock become also known 

(190 ) Thus also a mcridiao lino may be drawn and a 
ntertefian mark erected For the readings of the north and 
south points on the limb of the honzontal circle being 
known, the vertical circle may be brought exactly into the 
plane of the meridian, by seUiug it to that precise reading 
This done, let the telescope be depressed to tho north hon 
zon and let the point intersected there by its cross wires 
be noted and a mark erected there and let the same be 
done for the south horizon The line joining these points 
IS a mendian line passing through the centre of the hon 
zoDtal circle The marks may be made secure and perma 
nent if required 

(191 ) One of the chief purposes to which the altitude 
and azimuth circle is applicable is the investigation of the 
amount and laws of refraction For, by following with it 
a circumpolar Star which passes the zenith, and another 
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vrlnch grazes the horizon, througli thoir whole diurnal 
course, the exact o/i/iareni fonn of their diurnal orbiti or 
thoovaN into which their Circles arc distorted bj refraction, 
can ho traced, nnil thoir doviation from circles hoiug at 
c\ery moment gi\en hy the nature of the ob«crvation in Ue 
direction irj uhich Oic r^aefion tlsel^ tala jdace (i e in alti 
tmlo) 11 made a matter of direct ohicrration 

(IP2 ) The sentth sector and tho t/ieoJolile are peculiar 
modiilcntioDs of tho altitudo and azimuth instrument Tho 
fomier la adapted for tho \cfj exact ohicr\ation of stars in 
or near the zenith, hy gt^nng a great length to the vertical 
axis and suppressing all the cnvumferonco of the vertical 
circle, except a few degrees of its lower part, by which 
a great length of radius, and a consequent proportiouil 
enlargement of the divisions of its arc, is obtained The 
latter is especially dooted to tho measures of horizontal 
nnglos between terrestrial objects, in which tiie telescope 
never requires to be clc\nted more than a few degrees and 
in which, therefore, the vertical circle is either dispensed 
with, or executed on a amaller scale, and with less delicacy, 
while, on the other hand, great care is bestowed on securing 
the exact perpendicularity of the plane of the telescope s 
motion, by resting its honzontal axis on two supports like 
the piers of a transit instrnment which themselves arc firmly 
bedded on the spokes of the honzontal circle, and turn 
with jt 

(193 ) The next instrament we shall desenbe is ode by 
whole aid the angular distance of any two objects may be 
measured, or the altitude of a single one determined either 
by measuring its distance from theaisible horizon (such as 
the sea offing allowing for its dip) or from its own reflec 
tion on the surface of meicniy It is the sextant, or quad 
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rant, commonlj called UadUy^t, from its repated inventor, 
tbougb the priority of invention belongs undoubtedly to 
Kewton, whose claims to Iho gratitude of the navigator 
are thus doubled, by his having famished at once the only 
theory by which his vessel can bo securely guided, and the 
only instrnment which has ever been found to avail, in 
opjdying that theory to its nautical uses.” 

(194.) The principle of this instrument is the optical 
property of reflected rays, thus nnnonneed: “The angle 
between the first and last directions of a ray which has 
safTcred two reflectiona in one piano is equal to twice the 
inclmation of the reDccting surfaces to each other.” Let 
A B be the limb, or graduated arc, of a portion of a circle 
60’ in extent, but divided into 120 equal parts. On the 
radius C D let a silvered place glass D be fixed, at right 
angles to the plane of the circle, and on the movable radius 
0 £ let another such silvered glass, C, bo fixed. The gloss 
B is permanently fixed parallel to A C, and only one half 
of it is silvered, the other hall ollowing objects to bo seen 
through it. The gloss G is wholly silvered, and its plane 
is parallel to the length of the movoble radius G £, at the 
extremity E of which a vernier is placed to read ofi the 
divisions of the limb. On the radius A G is set a telescope 
F, through which any object, Q, may be seen by direct rays 
which pass through the nnsilvered portion of the glass B, 
while another object, F, is seen through the same telescope 
by rays, which, after reflection at G, have been thrown upon 


Jfewlcn cotnCDaDicAteU <t to Dr wbo suppressed it The descrip' 

tlon of the iBSlrament was fouod, after the death of IfsUe/, atnODg his papers, 
la Kewtoa's omi baadTnting. bj bia eseoator, who commualcated the papers 
to the Royal Society, twenty Are yean after Nen ton’s death, and eleven sfUr 
the publication of Hadley’s fDveatiOD, which mi^ht be, and probably was, md^ 
pCDoent of any IcDOWtedge ol Kewlou’s, tbosgh Hatton insinuates the contruy. 
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the silvered part of D, ind are thence directed bj a second 
reflection into the telescope The two images so formed 
will “both be seen in the field of view at once, and bj 
moving the radius 0 E will (if the reflectors be truly per 
pendicular to the plane of the circle) meet and pass over, 
without obliterating each other 
The motion, however, is arrested 
when they meet, and at this point 
the angle included between the 
, direction C P of one object, and 
F Q of the other is twice the an 
gle £ C A included between the 
fixed and moi able radii 0 A, 0 B 
Now, the graduations of the limb being purposely made 
only half as distant as would correspond to degrees, the 
arc A £ when read oS, as if the graduations were whole de 
grees will, in fact read double its real amount, and there 
fore the numbers so read ofi will express cot the angle 
EGA, but Us double, the angle subtended by the objects 
(195 ) To determine the exact distances between the stars 
by direct observation is comparatively of little service, but 
in nautical astronomy the measurement of their distances 
from the moon, and of tbeir altitudes is of essential impor 
tanco, and as the sextant requires no fixed support, but 
can be held in the hand, and used on shipboard, the utility 
of the instrument becomes at once obvious For altitudes 
at sea, as no level, plumb line, or artificial horizon can be 
used, the sea offing ailords the only resource and the image 
of the star observed, seen by reflection is brought to co 
incide with the boundary of the sea seen by direct rays 
Ibus the altitude above the sealme is found and this 
corrected for the dtp of the konzon (art 23) gives the true 



OUTLINES OF ASTROhOIIV 


161 


altitude of tlie Btar Oo land, an artificial horuson may be 
used (art. 178), and the consideration of dip is rendered 
unnecessary. 

(196 ) The adjuatraenta of the sextant are simple They 
consist m fixing the two reflectors, the one on the revqlring 
radios C E, the other on the fixed one 0 B, so os to have 
their planes perpendicular to the plane of the circle, and 
parallel to each other, when the reading of the instrument 
IS zero This adjustment in the latter respect is of little 
moment, as its effect is to produce a constant error, whoso 
amount is readilj ascertained by bringing the two images 
of one and the same star or other distant object to comci 
dence, when the instrument ought to read zero, and if it 
does not, the angle which it docs read is the zero correction 
and must be subtracted from all angles measured with the 
sextant The former adjustments are essential to be mam 
tamed, and are performed by small screws, by whose aid 
either or both the glasses may be uUtd a little one way or 
another until the direct and reflected images of a vertical 
line (a plumb line) can be brought to coincidence over their 
whole extent, so as to form a single unbroken straight line, 
whatever be the position of the movable arm, in the middle 
of the field of view of the telescope, whose axis is carefully 
adjusted by the optician to parallelism with the plane of the 
limb In practice it is usual to leave only the reflector D 
on the fixed radius adjustable, that on the movable being 
set to great nicety by the maker In this case the best way 
ol making the adjustment js to view a pair of lines crossing 
each other at right angles (one being horizontal, the other 
vertical) through the telescope of the instrument, holding 
the plane of its limb vertical — then having brought the 
horizontal lino and its refiected image to coincidence by 
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■the motion of the radius, the two images of the vertical 
arm must be brought to eoincideacs bj tilting one way or 
other the fixed reflector D bj means of an .adjusting screw, 
with which every sextant is provided for that purpose. 
When both lines coincide in the centre of the field the ad- 
justment is correct. 

(197.) The reflecting circle is an instrument destined ^or 
the same nsea as the sextant, bat more complete, the circle 
being entire, and the divisions carried all round. It is 
usually furmahed with three verniers, so as to admit of 
three distinct readings off, by the average of which the 
error of graduation and of reading is reduced. This is alto- 
gether a very reflaed and elegant instrument. 

(198.) We must not conclude this part of our subject 
without mention of the ^'principle of repetition"; an inven- 
tion of Borda, by which the error of graduation may be 
diminished to any degree, and, pmctically speaking, anni 
hilated Let P Q be two objects which we may suppose 
fixed, for purposes of mere explanation, and let K L be 
a telescope movable on O, the common axis of two circles, 
AML and a d c, of which the former, A M L, is absolutely 
fixed in the plane of the objects, and carries the graduations, 
and the latter is freely movable on the axis. The telescope 
is attached permanently to the latter circle, and moves with 
It Ad arm O « A carries the index, or vernier, which 
reads off the grailnated Iwnb of the fixed circle. This arm 
is provided with two clamps, by which it can be temporarily 
connected with either circle, and detached at pleasure 
Suppose, now, the telescope directed to P. Clamp the 
index arm O A to the inner circle, and unclamp it from 
the outer, and read off. Then carry the telescope TOnnd to 
the other object Q. In so doing, the inner circle, and the 
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index arm which is clamped to it, will aNo be carried ronnd, 
over an arc A B, on the graduated hmh of the outer, cqnal 
to the angle POQ Now clamp the index to tbo outer 
circle, and unclamp the inner, and read oil the difference 
of readings will of course measure the angle POQ, but 
the result will be liable to two sonrucs of error — that of 
graduation and that of observation, both which it is our 
object to get rid of To this end transfer the telescope 
back to P, tctdiout nnclamping the arm from the outer 
circle, then, having made the bisection of P, clamp the 
arm to h, and nnclamp it from B, and 
again transfer the tele«cope to Q by 
which the arm will now be carried 
with It to C, over a second arc B 
0, equal to the angle POQ Now 
again read off, then will the differ 
ence between this reading and the 
original one measure (tetee the angle 
POQ, affected with both errors 
of observation, but only with the 
same error of graduation as before Let this process be re 
peated as often as we please (suppose tea times), then will 
the final arc A B C D read off ou the circle be ten times the 
required angle, affected by the joint errors of all the ten 
observations, but only by the same constant error of gradua 
tion, which depends on the initial and final readings off 
alone Now the errors of observation, when numerous, 
tend to balance and destroy one another, so that, if suffi 
ciently multiplied, their influence will disappear from the 
result There remains, then, only the constant error of 
graduation, which comes to be divided in the final result 
by the number of observations, aud is therefore diminished 
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ID its iDfluenco to one tenth of its possible amouDt, or to 
le'>8 if need be The abstract beauty and advantage of this 
principle seem to be counterbalanced m practice by some 
unknown cause, which, probably, must be sought for m 
imperfect clamping 

(199 ) Micrometers are instruments (as the name im- 
ports *) for measuring, with great precision, small angles, 
not exceeding a few minutes, or at most a whole degree 
They are very various in construction and principle, nearly 
all, however, depending on the exceeding delicacy with 
which space can be subdivided by the turns and parts of 
a turn of fine screws Thus — *10 the parallel mre mtcrom 
eier, two parallel threads (spiders lines are generally 
used) stretched on sliding frames, one or both movable by 



screws in a direction perpendicular to that of the threads, 
are placed in the common focus of the object and eye 
glasses of a telescope and brought by the motion of the 
screws exactly to cover tb© two extremities of the image 
of any small object seen in the telescope as the diameter 
of a planet, etc , the angular distance between which it is 
required to measure This done the threads are closed 
up by turning one of the screws till they exactly coier 
each other, and the number of turns and parts of a turn 
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required gives the interval of the threads, •which must bo 
converted into angular measure, either bj actual calculation 
from the linear measure of the threads of the screw and the 
focal length of the object-glass, or experimentally, by meas- 
uring the image of a known object placed at a known dis- 
tance (as a foot-rule at a hundred yards, etc.) and therefore 
subtending a known angle. 

(200.) The duplication of the image of an object by optical 
means furnishes a valuable and fertile resource in microme- 
try. Suppose by any optical contrivance the single image 
A of any object can be converted into two, exactly equal 
and similar, A 6, at a distance from one another, dependent 
(by some mechanical movement) on the will of the observer, 
and ID any required direction from one another. As these 


can, therefore, be made to approach to or recede from each 
other at pleasure, they may be brought in the first place to 
approach till they touch one another on one side, as at A C, 
and then being made by continuing the motion to cross and 
touch on the opposite side, as A I), it is evident that the 
quantity of movement required to produce the change from 
one contact to the other, tf umform, will measure the double 
diameter of the object A. 

(201.) Innumerable optical combinations may be devised 
to operate such duplication. The chief and most important 
(from its recent applications), is the heliometer^ in which the 
image is divided by bisecting (he object glass of the telcfcope, 
and making its two halves, set in separate brass frames, 
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elide laterally oa each other, as A B, the motiqa being 
produced and measured by a screw Each half, by the 
laws of optics, forms its own 
image (somewhat blurred, it 
IB true, by diffraction”), m 
Its own. asis, and thus two 
equal and similar images are 
formed side by side in the 
focus of the eye piece, which 
may be made to approach and 
recede by the motion of the screw, and thus afford the 
means of measurement as above described 

(202 ) Double refraction through crystallized media af 
iords another means of accomplishing the same end With 
out going into the intncscies of this difficult branch of 
optics, It will suffice to state that objects viewed through 
certain crystals (as Iceland spar, or qoarte) appear double, 
two images equally dtstinct being formed, whose angular 
distance from each other vanes from nothing (or perfect 
coincidence) up to a certain limit, acceding (o ffte direcfion 
with respect to a certatn fixed Itne %n the crystal, called its 
optical asis Suppose, then, to take the aunplest case, that 
the eye lens of a telescope, instead of glass, were formed of 
such a crystal (say of qnartz, which may be worked as well 
or better than glass) and 0 / a apkertcal form, so ns to offer 
no difference when turned about on its centre, other than 
the inclination of its optical axis to the visual ray Then 
when that axis coincides with the line of collimation of the 
object glass, one image only will be seen, but when made to 
reaolve on an axis perpendicular to that line, two will arise, 
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opening gradaally out from each other, and thus originating 
the desired duplication. In this contrivance, the angular 
amount of the rotation of tho sphere aHords the necessary 
datum for determining tho separation of the images 

(203 ) Of all methods which have been proposed, how- 
e\er, the simplest and moat UDobjcctionablo would appear 
to.be the following It is well known to every optical stu* 
dent, that two prisma of glass, a flint and a crown, may be 
opposed to each other, so as to produce a colorless dejlection 
of parallel rays An object seen through such a compound 
or achromatic pnsm will be seen simply deviated in direc 
tion, but in no way otherwise altered or distorted Let 
such a pnsm be constructed with its surfaces so nearly 
parallel that the total dentation produced in traversing them 
shall not exceed a small amount 
(say S') Let tins bo cut in half, 
and from each half let a circular 
disk be formed, and cemented on 
a circular plate of parallel glass, 
or otherwise sustamed, close to 
and concentric with the other by 
a framework of metal so light os 
to intercept but a small portion 
of the light which passes on the outside (as m the above 
figure), where the dotted lines represent the radii sustaining 
one, and the nUdotted those carrying the other disk The 
whole must be so mounted as to allow one disk to revolve 
in Its own plane behind the other, fixed, and to ullow the 
amount of rotation to be read off It is evident, then, that 
when the deviations produced by the two disks conspire, a 
total deviation of 10 will be effected on all the light which 
has passed through them, that when they oppose each 
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Other, the rays will cmergo undertated, and that in inter* 
inedmU) positions a deviation varying from 0 to 10', and 
calonlablo from the angular rotation of the one disk on the 
other, will arise. Now, lot this combination bo applied at 
such a point of the cone of rays, between the object-glass 
and its focus, that the disks shall occupy exactly half the 
urea of Us section. Then will half the light of the object 
lens pass undoviatod->tho other half deviated, os above 
described; and thus a duplication of image, variable and 
measurable (as required for micromotno measurement) will 
occur. If the object glass be not very largo, the most con- 
venient point of its application will bo externally before it, 
in which case the diameter of the disks will be to that of the 
ob;ect glass as 707 1000, or (allowing for the spokes) aboot 
as 7 to 10 

(204.) The PosUion is simply a straight thread 

or wire, which is carried round by a smooth revolving mo* 
tion, ID the common focus of the object and eye glasses, in a 
plane perpendicular to the axis of the telescope It serves 
to determine the situatiou with respect to some fixed line 
in the field of view, of the hue joining say two objects or 
points of an object seen in that field — os two stars, for m* 
stance, near enough to be seen at once For this purpose 
the movable thread la placed so as to cover both of them, 
or stand, as may best be judged, parallel to their hue of 
junction And its angle, with the fixed one, is then read 
off upon a small divided circle exterior to the instrument. 
When such a micrometer is applied (as it most commonly 
is) to an equatorially mounted telescope, the zero of its posi- 
tion corresponds to a direction of the wire, such as, pro- 
longed, will represent a circle of declination m the heavens 
—and the “angles of position” so read off are reckoned in- 
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varinblj from one point, and in one direction, viz., north, 
following, south, •preceding', so that 0* position corresponds 
to the situation of an object cxactlj north of that assumed 
as a centre of reference— 90* to a situation exactly eastward, 
or following', 180* exactly souOt', and 270® exactly west, or 
• preceding in the order of diurnal movement. When the 
relative position of two stars, very near to each other, so as 
to be seen at once in the some field of view, is to be deter- 
mined in this way, especially it they be of unequal magni- 
tudes, the best form of the iustrument consists, not in a sin- 
gle thin wire to be placed centrally across both the stars, 
but in two thick parallel wires, between which both stars are 
brought under inspection in a symmetrical situation, by 
which arrangement the parallelism of the line joining their 
centres with the direction of the wires can be very much 
more accurately judged of It gives great advantage, more- 
over, to the precision of such a judgment, if the position of 
the observer be such as to bring the principal section of his 
eye (that which in his upright position is vertical) into 
parallelism with the wires. 

(204 o.) To see the fiducial threads or wires of an eye- 
piece or micrometer in a dark night is impossible without 
introducing some artificial light into the telescope, so as 
either to illuminate the field of view, leaving the threads 
dirk, or vice versd To illuminate the field, the light of a 
lamp is introduced by a lateral opening into the tube of the 
telescope, and dispersed by reflection on a white unpolished 
surface, so arranged as not to intercept any part of the cone 
of rays going to form the image. For illuminating the 
wwee, direct lanup Ughl ia thtowu on them from. the. side 
toward the eye; the superfluous rays being stifled by falling 
on a black internal coating, or suffered to pass out to the 
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tube through aq opponttc aperture opening Into n dark 
chamber 

(201 h ) When Iho irjm are aecn dark on an illominated 
field, the color of the illumtoating liglit m of great impor 
tance Aa n matter of expeneocc, it i* certain tliat a red 
tHuminatinn afTonia a far sharper And clearer tiow of tbo 
vriren than any other 

(20-1 c) For obicmng the snn, darkening glasses are 
necessary In this case red glwcs are inappropriate be 
cause they transmit Ihn solar heat freely, by which the cyo 
would bo senoualj injured, and c\cn when tery deep tinted, 
render prolonged inspection intolerably painful Green 
glasses are free from this objection The best darkening 
glass howerer, is a cooibioatton of a cobalt blue with a 
green glass, which if the components aro properly selected, 
transmits an almost hotnogcoeous yellow light, and no sen 
Biblo amount of beat OotK tho light and heat of the son 
}]owo> cr, may be subdued by reflection at gl3<s aurfacra, tbo 
light returned by regular reflection on gloss being only 
about 21 per cent of that inetdoot on it A reflecting tele 
ffcopo specifically adapted lor Mewing the son may he coa 
Btructed by making tho apecuH of glaw, tho object mirror 
having tho form of a double concaio lens whoso anterior 
purface (that producing tho image) is worked loto a pamb 
oloid of the proper focal length, and the posterior to a 
ppbere of considerably greater curvature to transmit and 
disperse outward the refracted roys into the open air behind 
(for which purpose tho telescope should be open at both 
ends) and to so weaken those reflected by dispersing them 
0*1 not to interfere with the distinctness of the image 
IJeithcr the qnahty of the glass, nor accuracy of figure in 
the posterior surface is of any importance to tho good per 
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formanco of such a reflector.** Should the light be not sufll* 
cienlly enfeebled by the firat reflection, it may be still fur* 
ther reduced (to about 1 — 900* part of its original intensity) 
by making the small speculum of glass nUo in the form of a 
prism; the reflection being performed on one of its exterior 
surfaces, and the refracted portion being turned away and 
tOrown out at the other. 

(201 (f.) Advantage may be also taken (os in Sir D. 
Brewster's polarizing eyc-picee) of the properties of polar* 
ized light, which may be diminished in any required degree 
by partial reflcctioa in a plane at right angles to that of its 
first oblique reflection. Or without polarization, the light 
may be enfeebled by successive rcfiections between parallel 
surfaces to aoy exteut. 

(20ie.) When the object in view is to scrntlnizc, under 
high magnifying powers, minute portions of the solar disk; 
the light and heat of the genera! surface may be intercepted 
by a metallic screen placed in the focus where the image is 
formed, and pierced with a very small hole, allowing that 
minute portion only to pass through and be examined with 
the eye^piece; the observer being thas deleaded from the 
glare. By this arrangement, Mr Dawes, to whom the idea 
is due, has been enabled to observe some very extraordi- 
nary peculiarities m the constitution of the sun’s surface, 
discernible in no other way, an account of which will be 
found in their proper place. 

(294 /.) Since the use of large reflectors has become 
common among astronomers, the necessity of snpporting 
the ponderous masses of their specula without constraint 


u I would teke this opportitnH]r «wa«sUv to recommend the oonstracUon of 
a htlu>»<op« on this principle, first propounded and more described in mf 
Cape Obsemtioiis (p 430), to the uteatioa oI the practical optician. 
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or unihip prp-'i'urc >n n»>> direction (winch would distort tho 
figure of their polinhcd BurfnccH) renders tlie uao of Borao 
reidy mclho<l of vcnfjing, from inslnnl to mutant the 
n Ijuetment of their Iine« of colltmaiion (or the optical axiB 
of tho rtflectorB) and of rra Ijuntmg it, when phiflctf, mdn 
pen«ablc Tor thia purpose, a Kinal! collimating telcicopo 
(art 178) illammatcd 1>\ rcfleetion frotn a lamp oai.<i(dc ri 
hted within the tuba of the reficctor ita oljcctcnd Icing 
tame I towapti the iipecolnm fi^cn M<» imjjt' of tho cfo« 
wirei of ihir ielci>cope formcil in the foctis ot the reflector, 
and aeon through lU ej e piece aa a real oh^i'ct the tmnBiU 
and altituileB of cclexlial objects maj bo olserred as if it 
consisted of actual wires, for these, jl is manifest, if once 
placed so as to lisect a star, will continue to do so what 
ever omouni ot tilting tho reflector might be subjected to, 
either in a lateral or vertical piano The rajs from tho star 
and tho axis of tho collimator remaining parallel, the latter 
axis and not that of the reflector, becomes m fact the real 
lino of collimation or optio axis of tho instrument, when 
objects arc thus directly referred to iL Should conven 
icnco of microinotnc measurement, or the observation of 
faint objects in a very feebly illuminated field preclude 
such direct reference, the position of the spccnlum must 
from time to tiino be examined and if faulty, readjusted 
by bringing tho micromclcr wires to coincidcuco with tho 
imago of those of tho collimator by an appropriate mcebaa 
ism communicating tho requisite Bmall amount of movement 
to the speculum in its cell * 


I' 6c« PbU TncB. 1833 pp 418-9 wb«re lh(i applfcatloQ of the cofl rDnliog 
prlaclplo Used bj the antlior since 1833 n first described Soe»lso Results of 
a^tronomicsl Obserrstion nt Ibe Capa «f Good Hope pretsco, p xfv 
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CHAPTER TV 

OF OEOORArHT 

Of the ^gnre of th« Eanb^lu Exact OimeosSoe^— Its Form that of Bqnf 
Ubrfiun Uod 9cd bj- Ceatrifa^ Forco— Tanation df Otsvitj oa its 
Surface— Statics] aad Djoamlcal Measures ofOratitf— TLa Fendalum 
— QraTltj- toaSphero d— Other Effects of the Earth s Eolation — Trade 
'Winds — Veenng of the Winds — Cjcloocs — Foucault • Peodulom— TLo 
G/ro*e«po— DetermiAsiieo of Geographical Pm lions— Of Latitudes — 
Of Longitudes— Conduct of a Trlgonomctncal Surrey— Of Maps — Pro 
jectioos of the Sphere— Ueaaurcmeot of Heights by the Barometer 

(205) OEOGRXPnr 13 Qot oolj the most important of 
the practical branches of knowledge to which astroHomy 
IS applied, bot it is also, tbeoreticallj speaking, an essen* 
tiol part of the latter science The earth being the general 
station from which we new the heavens, a knowledge of 
the local sitnation of particular stations on its surface is of 
^eat consec^uence, when we come to int^uire the distances 
of the nearer beaveniy bodies from us, as concluded from 
observations of their parallax as well as on all other occa 
sions, where a difference of locality caa be supposed to 
inflaeQce astronomical results We propose, therefore, in 
this chapter, to explain the pnuciples, by which astronom 
leal observation is applied to geographical determinations, 
and to give at the same time an outline of geography so far 
as it IS to be considered a part of astronomy 

(206 \ Geography, os the word imgorts,. is a delineation 
or description of the earth In its widest sense, this com 
prebends not only the delineation of the form of its conti 
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nents and seaa, ita nvera and mountains, but tbeir physical 
condition, climates, and products, and their appropriation 
by communities o! men "With physical and political geog 
raphy, however, we have no concern here Aslronomical 
geography has for its objects the exact knowledge of the 
form and dimensions of the earth, the parts of its surface 
occupied by sea and land, and the configuration of the sur- 
face of the latter, regarded as protuberant abo\e the oceauj 
and broken into the yartous forms of mountain, tableland 
and valley, neither should the form of the bed of the ocean, 
regarded as a continuation of the surface of the land beneath 
the water, he left out of consideration we know, it is true, 
very little of it, but this is an ignorance rather to bo 
lamented, and, if possible, remedied, than acquiesced in, 
inasmuch as there are many very important branches 
of inquiry which would be greatly advanced by a better 
acquaintance with it 

(207 ) "With regard to tho figure of the earth as a wAofe, 
we have already shown that, speaking loosely, it raaj be 
regarded as sphenca], but the reader who has duly appro 
ciated the remarks in art 23 will not be at a loss to pcrccivo 
that this result concluded from observations not susccptfLlc 
of much exactness and, embracing very small portions of 
the surface at once, can only bo regarded as a first approvi 
mation, and may require to be materially modified by enter 
ing into minotiiQ before neglected, or by increasing tho 
delicacy of our observations, or by including in their ex- 
tent larger areas of its surface For instance, if it should 
turn out (as it will), on mmatcr inquiry, that tho true figure 
IS somewhat elliptical, or flattened, in the manner of nn 
orange, ha\iog tho diameter which coincides with the axis 
about (^tb part shorter than the diameter of its eqaatorial 
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circle, — tbiB is so trifling a denation from the spbencal 
form that, if a model of such proportions were tamed in 
\7ood, and laid before as on a table, the nicest eye or hand 
woald not detect the flattening, since the diiTerenco of diam 
elcra, m a globe of fifteen inches, would amoant onij to ith 
of an inch In all common parlance, and for all ordinary 
parposes, then, it wonld still bo called a globe, while, 
nerertbeless, by careful measnrement, the difference would 
not fail to be noticed, and, speaking strictly, it would bo 
termed, not a globe, bat an oblate ellipsoid, or spheroid, 
which IS the name appropriated by geometers to the form 
above described 

(208) The sections of sneb a figure by a plane arc not 
circles, but ellipses, so that, on sacb a shaped earth, the 
horizon of a spectator woald nowhere (except at the poles) 
be exactly circular, but somewhat elliptical It is easy to 
demonstrate, however, that its deviation from the circular 
form, arising from bo very slight an as above 

supposed, would be quite imperceptible, not only to our 
eyesight, but to tbo test of the dip sector, so that by that 
mode of observation we should never bo led to notice so 
small a deviation from perfect spbencity How we are led 
to this conclusion, as a practical result, will appear, when 
we have explained the means of determining with accuracy 
the dimensions of the whole, or any part of the earth 

(209 ) As we cannot grasp the earth, nor recede from 
it far enough to new it at once as a whole, and compare it 
with a known standard of measure in any degree commen 
surate to its own size, but c^n only creep about upon it, 
and apply oiif dinunnttve measures to comparatively small 
parts of its vast surface in succession, it becomes necessary 
to supply, by geometrical reasoning, the defect of our phys 
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ical powers, tinil from a dcitcato j\nJ cnrcJul measurement 
of such small parts to concludo the form nud dimensiozis 
of tho whole mass. This would present little difliculty, if 
wo were sure the earth were iitncily n ephero, for the pro* 
portion of tho eircumfercnco of a circle to its Uinmcter being 
known (>ir , that of 8 141G026 to 1 0000000), wo ha\e oiilj 
to nfccrtain tho length of the cntiro circumferenco of nnj 
great circle, such as o meridian, in miles, feet, or nnj other 
standard units, to know the diameter in units of tho same 
kind Now, tho circumference of the whole circle is known 
as soon as wo know tho exact length of any aliquot part 
of It, such as 1“ or iktU part, and ibis, being not more than 
about soTcnty miles in length, la not beyond the limits of 
aerj exact measurement, and could, in fact, lie measured 
(if wo knew its esaet tcrmioation at each extremity) withio 
a very few feet, or, indeed, mclics, by methods presently 
to bo pariiculartzcil 

(210 ) Supposing, then, we were to begin measaring with 
all duo nicety from any station, m tho exact direction of a 
meridian, and go measuring on, till by some indication we 
were informed that we had accomplished an exact degree 
from the point we set out from, our problem would then 
bo at oDco resolved It only remains, therefore, to inquiro 
by what indications we can bo suro 1st, that we hate ad* 
vanced an exact degree, and, 2cHy, that wc have been 
measuring in the exact direcfion of a great circle 

(211 ) Now, the earth has no landmarks on it to indi- 
cate degrees, nor traces inscribed on its surface to guide 
us in such a course The compass, though it affords a 
tolerable guide to the manner or the traveller, is far too 
uncertain in its indications, and too little known m its laws, 
to be of any use in euch an operation We must therefore, 
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look OTitward, and refer our Bituation on the anrf&ce of onr 
globe to natnral marks, external to it, and which are of 
equal permanence and stability with the earth itself Such 
marks, are afforded by the stars By observations of their 
meridian altitudes, performed at any station, and from their 
known polar distances, we conclude the height of the pole, 
and since the altitude of the pole is equal to the latitude of 
the place (art 110), the same observations give the latitudes 
of any stations where we may establish the requisite lustru 
ments 'Wlien our latitude, then, is found to have dimm 
ished a degree, we know that, provided we have Icept to the 
meridian, we have described one three hundred and sixtieth 
part of the earth’s circumference 

(il2) The direction of the mendian may be secured at 
every lostant by the observations described in arts 162, 
18S, and although local difficulties may oblige us to de 
viate ID our measurement from this exact direction, yet if 
we keep a strict account of the amount of this deviation, 
a very simple calculation will enable ub to reduce our ob 
served measure to its meridional value 

(218 ) Such IS the pnneiple of that most important 
geographical operation, the measurement of an arc of the 
meridian lu its detail however a somewhat modified 
course must be followed An observatory cannot be 
mounted and dismounted at every step so that we cannot 
identify and measure an exact degree neither more nor less 
But this is of no consequence, provided we know with 
equal precision hoxo much mote or leas, wo have measured 
In place then, of measuring this precise aliquot part, we 
take the more convenient method of measuring from one 
good observing station to another, ahout a degree, or two 
or three degrees, as the case may be, or indeed any deter 
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mmalo nngQiAr intcrvn] apart, asd dctcrmicicg by astro- 
nomical obsci^atton the precise diiTcrcoco of latitudes 
between tbo stations 

(214) Again, it of groat consequence to avoid m this 
operation over^ source of uncortainty, because an error com 
mittcd in the length of a singlo di^eo will bo multiplied SCO 
times in the cifcumfercoco, and nearly 110 times m tlio 
diameter of tbo earth concluded from it Any error which 
may aScct the astronomical determination of a star's alti 
tudo will be especially influential Kow, there is still too 
much uncertainty and fluctuotion in the amount of refrac 
tion at moderate altitudes, not to make it especially destr 
able to avoid this source of error To cfTcct (bis, wo take 
care to select for observation, at the extreme stations, some 
star which passes through or near the zeniths of both The 
amount of refraction, within a few degrees of tbo zenith, is 
very amall, and its nuctuatioos nod uncertainty, in point of 
quantity, so excessively minute as to he utterly inappreci 
able Now, it is the same thing whether we observe the 
pofo to be raised or depressed a degree, or the zemtA titstance 
of a star wheu on the meridian to hare changed by the same 
quantity (fig art 128) If at one station wo observe any 
star to pa«s through the zenith, and at the other to pass one 
degree south or north of the zenith, we are sure that the 
geographical latitudes, or the altitudes of the pole at the two 
stations, must differ by the same amount 

(215 ) Granting that the terminal points of one degree 
can bo ascerUmed its hnfft/t may be measured by the meth 
ods which will be pre&eotly described as we have before 
remarked to within a very few feet Now the error which 
may be committed in fixing each of these terminal points 
cannot exceed that which may be committed in the obser 
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ration of tho zenith distance of a star properly situated for 
the purpose in question This error, srith proper care, can 
hardly exceed half a second Supposing we grant the pos 
Bihihty of ten feet of error m the length of each degree in a 
measured arc of fire degrees, and of half a second m each of 
the zenith distances of one star, observed at the northern 
and southern stations, and, lastly, suppose all these errors 
to conspire, so aa to tend all of them to give a result greater, 
or all le<»a, than the truth, it will appear, by a very easy 
proportion, that the whole amount of error which would be 
thus entailed on an estimate of the earth’s diameter, as 
concluded from such a measure, would not exceed 1147 
yards, or about two thirds of a mile and this is ample 
allowance 

(216 ) This, however, supposes that the form of the earth 
IS that of a perfect sphere, and, in consequence tho lengths 
of Its degrees in all parts precisely equal But when we 
come to compare the measures of meridional arcs made in 
various parts of the globe, the results obtained, although 
they agree sufficiently to show that the supposition of a 
spherical figure is not very remote from the troth, yet ex 
hibit discordances far greater than what we haye shown to 
be attributable to error of observation, and which render it 
evident that the hypothesis in strictness of its wording, is 
untenable The following table exhibits the lengths of arcs 
of the meridian (astronomically determined as above de 
scribed), expressed in British standard feet as resulting 
from actual measurement made with all possible care and 
precision, by commissioners of various nations, men of the 
first eminence, supplied by their respective governments 
with the best instruments, and furnished with every facility 
which could tend to insure a successful result of their im 
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and least near the equator Let us now consider what inter 
prctation is to be put upon this conclusion, as regards tho 
form of the earth 

(217 ) Suppose we held m our hands a model of the 
earth smoothly turned in wood, it would be, as already 
observed, so nearly sphencal, that neither by the eye nor 
the touch, unassisted by instruments, could we detect any 
deviation from that form Suppose, too, wo were debarred 
from measuring directly across from surface to surface in 
diSerent directions with any instrument, by which we might 
at once ascertain whether one diameter were longer than 
another, how, then we maj ask, are we to ascertain whether 
It IS a true sphere or not? It is clear that we have no 
resource, but to endeavor to 
discover, by some mcer means 
than simple inspection or feel 
mg, whether the convexity of 
Its surface is the same in every 
part, aud if not, where it is 
greatest, and whore least Sup 
pose, then, a thin pHte of metal to be cut into a concavity 
at its edge, so as exactly to Gt the surface at A let this now 
be removed from A and applied successively to several 
other parts of the surface, taking care to keep its plane 
always on a great circle of the globe as here represented 
If, then, we Gnd any position, B in which the light can 
enter in the middle between the globe and plate, or any 
other, C, where tho latter tilts by pressure, or admits the 
light under its edges, we are sure that the curvature of the 
surface at B is less and at 0 greater, than at A 

(218 ) What we here do by the application of a metal 
plate of determinate length and curvature, wc do on the 
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earth by the meaauremoat of a degree of variation m tlio 
aUitndo of tho polo Ourvaturo of a surface is nothing but 
the continual deflection of its tangent from one fixed direc 
tion as wo advance along it When, m tho tame measured 
distance of advance wo find tho tangent (which answers to 
our horizon) to have shifted its position with respect 
to a fixed direction in space (such as tho axis of the 
heavens, or tho line joining the earth’s centre and some 
given star) more in one part of the earth’s mendian than 
in another, we conclude, of necessity, that tho curvature of 
the Hurlaco at tho former spot is greater than at the latter, 
and vice terad, when, in order to produce the same change 
of horizon with respect to the polo (suppose I“) we require 
to travel over a longer measured space at one point than at 
another, wo assign to that point a less curvature Hence 
we conclude that ike curvature of a meridional section of the 
earth ts sensibly {greater at the equator <Aon toward the poles, 
or, in other words, that the earth is not spherical, but fat 
tened at the poles, or, which comes to the same, protuberant 
at the equator 

(219 ) Let N A B D E F represent a mendional section 
of the earth G its centre, and N A B B, Q E, arcs of a 
mendian, each corresponding to one degree of difference 
of latitude or to one degree of variation in th© meridian 
altitude of a star ns referred to the horizon of a spectator 
travelling along the mendian Let n N, o A, i B, d D, 
jr G, « E, be the respective directions of the plumb line at 
the stations H, A, B, D, G, E, of which we will suppose 
N to be at the pole and E at the equator, then will the 
tangents to the surface at these points respectively be per 
pendicular to these directions, and, consequently, if each 
pair, VIZ n N md o A, b B and d D g G and e E, be pro 


OUTU^ES OF ASmO^Oiir 


183 


longed till they intersect each other (at the potnta x, jr, 
the angles K x A, B D, O s E, will each Im one degree, 
and, therefore, all equal; eo that the Bmall curTiliocar arcs 
K A, B D, G B, may bo regarded as arcs of circles of one 
degree each, desenbod about x, y, e, as centres. These are 
what ID geometry arc called etntrea of curvature, and the 
radii X N or X A, y B or y D, e G or e E, represent racfii 
o/ curvature, by which the cnrvatnres at those points aro 
determined and measured Koir, as the arcs of different 



circles, which subtend equal angles at tbeir respective 
centres are in the direct proportion of their radii, and os 
the arc N A is greater than B P, and that again than G B, 
It follows that the radius N x must be greater than B y, 
and B y than E e Thus it appears that the mutual inter 
sections of the plumb lines wiU not, as in the sphere, all 
coincide ID one point C, the centre, but will be arranged 
along a certain curve, x y * (which will be rendered more 
evident by considering a number of intermediate stations). 
To this curve geometers have given the name of the evolule 
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of tho Cairo N A B D G B, from whose centres of onrratare 
It IS constractcd 

(220 ) In the flatteoing of a rannd Bgaro at two opposite 
points and its protabcranee at points rectangularly situated 
to the former, wo recognize the distinguishing feature of the 
elliptic form Accordingly, the next and simplest suppo 
fiition that we can make respecting the nature of the mend 
lan, since it la proved not to be a circle, is, that it is an 
ellipse, or nearly so, haMng K S, the axis of the earth, for 
Its shorter, and £ F, the eqnatonal diameter, for its longer 
&XI3, and that the form of the earth's snrfacc is that which 
would arise from making snch a curve revolve about its 
shorter axis N S This agrees well with the general course 
of the increase of the degree m going from the equator to 
the pole In the ellipse, the radius of curvature at E the 
extremity of tho longer axis is the least and at that of 
the shorter axis, the greatest it admits, and the form of its 
etolud agrees with that here represented * Assuming then 
that it is an ellipse, the geometneal properties of that curve 
enable us to assigu the proportion between the lengths of 
its axes which shall correspond to any proposed rate 
of variation m its enrvature os well as to fix upon fheir 
absolute lengths, corresponding to any assigned length of 
the degree in a given latitude Withoat troubling the 
reader with the investigatioo (which may be found in soy 
work on the conic Eections) it will be au/ficiest to state 
the results which have been arrived at by the most sys 
tematio combinations of the measured arcs which have bith 
erto been made by geometers The most recent is that of 


* ■dMts’i Jisat tv port oaa af iho trtisto hsieogiog tt> llis oUier 

quadrftDtft. 
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Bessel,* wlio by a combinatloa of the ten arcs, marked B 
in our table, bos concladed the dimensions of the terrestrial 
spheroid to bo as follon’s: 

reet KOm 

Orcat«f or KtoAtorlal dIanoUir .... m 4I.S1T,193 — TOSS COt 

Lesaer or polar dumeUr » 41,70T,3U TB09 114 

DiCereaco of diametcrt, or polar compmaloo . » lS9,tas •• 36 411 

Proportloa of diamelera u 339 19 to 399 16 

The other combination whose rcsolt we shall state, is 
that of Mr. Airy,* who concludes as follows: 

Feet sfltoi 

Eqoalorial diameter _ 41,847,426 792S 648 

PoLardiaoeter . ... ~ 41 707.626 — 7803 170 

Polar compre^aloo . . mm 139,806 •• 36 478 

Proportion o! diametera as 300 33 to 399 33 

These conclasiona are based on the consideration ol those 
18 arcs, to which the letter A is annexed,* and of one other 
arc of 1® 7' 31* 1, measured in Piedmont by Plana and Oar* 
lini, whose discordance with the rest, owing to local causes 
hereafter to be explained, arising from the exceedingly 
moantainons nature of the country, render the propriety 
of so employing it very doubtfol. Be that as it may, the 
strikingly near accordance of the two sets of dunenaions is 
each as to in<!pire the greatest confidence in both. The 
measurement at the Cape of Oood Hope by Lacaillo, also 
used in this determination, has always been regarded as 
unsatisfactory, and has recently been demonstrated by Mr. 
Th Ifaclear to be erroneous to a considerable extent. The 
omi.«3ion of the former, and the substitution for the latter, 
of the far prcforable resnlt of Maclear’s oecond measurement 


* Scbum&cher’a AatroDOm sdie KaebnebteQ, Nos 333,334 335 438(1841). 

* EaerdopffidiA UctropoUtaos ‘*F^ara ot ^rth" (1831) 

* Id those tshich hsTa both A sail B, the n imbers used bj Ur Alrf ddCer 
si i;htl7 from Bessel's, vhich are those tre bsro preferred 
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■would induce, however, but a trifling change in the final 
result 

(221 ) Thus we see that the rough diameter of 8000 miles 
we have hitherto used, is rather too great, the excels being 
about 100 miles, or ith part As convenient numbers to 
remember, the reader may bear in mind, that in our lati* 
tude there are ]n8t as many thonsands of feet in a degree 
of the meridian as there are days in the year (S65) that, 
speaking loosely, a degree is about 70 British statute miles, 
and a second about 100 feet, that the equatorial circumfer 
ence of the earth la a little leas than 25,000 miles (24,899), 
and the elhpticity or polar flattening amounts to one 800th 
part of the diameter 

(222 ) The two sets of results above stated are placed m 
juxtaposition, and the particulars given more in detail than 
may at first eight appear consonant, either with the general 
plan of this work, or the state of the reader's presumed ae 
quaintance with the subject But it is of importance that 
he should early be made to see how, in astronomy, results m 
admirable concordance emerge from data accumulated from 
totally different quarters, and how local and accidental 
irregularities in the data themselves become neutralized 
and obliterated by their impartial geometrical treatment 
In the coses before us, the modes of calculation followed 
are widely different and in each the mass of figures to be 
gone through to arrive at the result, enormous 

(223 ) The supposition of an elliptic form of the earth's 
section through the axis is recommended by its simplicity, 
and confirmed by comparing the numencal results wo have 
just set down with those of actual measurement When 
this comparison la executed, discordances, it is true, are 
observed, which, although still too great to bo referred to 
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error of measoreraent, are jet po small, compared to the 
errors which woold result from the spherical hypothesis, 
as completely to justify our regarding the earth as an clltp 
sold, and referring the observed deviations to cither local 
or, if general, to comparatively small causes [For § (223 a) 
see Note D] 

(224) Now, It IS highly satisfactory to find that the 
general elliptical figure thus praehciiUy proved to exist, is 
precisely what ought theoreUeallg to result from the rotation 
of the earth on its axis For, let os snpposc the earth a 
sphere, at rest, of uniform materials throughout, and ex 
tcrnally covered with an ocean of equal depth m every 
part Under each circamstaoees it would obviously be in 
a state of equilibrium, and the water on its surface would 
have DO tendency to run one way or the other Suppose, 
now, a quantity of its matenab were taken from the polar 
regions, and piled up all around the equator, so as to pro 
dace that diUcrcnce of the polar and equatorial diameters 
of 26 miles which we know to exist It is not less evident 
that a mountain ndge or equatorial coniinenl, only, would 
be thus formed, down which Ibo water would mn into the 
excavated part at the poles However solid matter might 
rest where it was placed, the liquid part at least, would not 
remain there, any more than if it were thrown on the side 
of a hill The conseqnence, therefore, would be the forma 
tion of two great polar seas, hemmed in all ronnd by equa 
tonal land Now, this is by do means the case in nature 
The ocean occupies, lodiilerently, all latitudes, with no 
more partiality to the polar than to the equatorial Since, 
then, as we see, the water occupies an elevation above the 
centre no less than 18 miles greater at the equator than at 
the poles, and yet manifests no tendency to leave the 
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former and run toward the latter, it is evident that it most 
be retained m that situation by some adequate poioer No 
such power, however, would exist in the case we hare sup 
posed, which is therefore not conformable to nature lu 
other words the spherical form is not the figitre of eguthb 
rium, and therefore the earth is either not at rest, or is so 
internally constituted as to attract the water to its equatorial 
regions and retain it there For the latter supposition 
there is no pnmA facte probability, nor any analogy to 
lead us to such an idea The former is in accordance with 
all the phenomena of the apparent diurnal motion of the 
heavens and therefore, if it will furnish us with power 
in question we can have no hesitation in adopting it as 
the true one 

(225 ) Now, everybody knows that when a weight W 
whirled round, it acquires thereby a tendency to recede 
from the centre of its motion, which is 
called the centrifugal force A stone 
whirled ronnd m a sling is a common 
illustration, but n better, for our preseot 
purpose will bo a pail of water, suspended 
by a cord, and made to spin round, while 
the cord bangs perpendicularly The sur 
face ol the water instead of remaining 
horizontal will become concave, as in the 
figure The centrifugal force generates a 
tendency m alt the water to leave the 
axis, and press toward the circumference, 
it is, therelorc, urged against the pail and 
— ' forced up its sides till tho excess of height, 

and consequent increase of pressure downward, just counttr 
balances its centrifugal force, and n elate of equildnum is 
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attained The eipentncnt is ft ^cry easy and instrnctive 
one, and m admirably calcnlated to show how {ho form of 
equxlibTiurn accommodates itscll to \ trying circumstance*? 
If, for example, wo allow the rotation to cease degrees, 
ta It becomes slower wo shall aco the concavity of the water 
regularly diminish, the elevated outward portion will dc 
scctid, and the depressed central nse, while all the time 
a perfectly surface is mftintaiDcd, till the rotation is 

exhausted, when the water resumes its horizontal state 

(226 ) Suppose, then, a globe, of the size of the earth, at 
rest, and covered with a uniform ocean, were to be set 
in rotation about a certain axis, at first very slowly, but by 
degrees more rapidly, till it turned round once in twenty 
four hours, a centrifugal force would be thus generated, 
whose general tendency would bo to urge the water at e>cry 
point of the surface to reetde from the axts A rotation 
might, indeed, be conceived so swift as to Jlirt the whole 
ocean from the surface, like water from a mop But this 
would require a far greater velocity than what we now 
speak of In the case supposed, the xonghi of the water 
would still keep it on the earth and the tendency to recede 
from the axis could only be satisfied, therefore by the water 
leaving the poles, and fiowiog toward the equator, there 
heaping itself up in a ndge, just os the water in our pad 
accumulates against the side, and being retained in oppo 
Bition to its weight, or natural tendency toward the centre, 
by the pressure thus caused This however, could not 
take place without laying dry the polar portions of the 
land in the form of immensely protuberant continents, 
and the difference of oor supposed cases, therefore is 
this — in the former, a great equatorial continent and polar 
seas would be formed in the latter, protuberant land would 
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appear at the poles, and a roae of ocean be disposed around 
the equator Tina would be the first or immediate effect 
Let us now see what would afterward happen, in the two 
cases, if things were allowed to taho their natural course 
(227) The sea is constantly beating on the land, grinding 
it down, and scattering its worn off particles and fragments, 
in the state of mud and pebbles, over its bed Geological 
facts afford abundant proof that tho existing continents 
haie all of them undergone this process, even more than 
once and been entirely torn in fragments, or reduced to 
powder, and submerged and reconstructed Land, in this 
view of the subject, loses its attnbute of fixity As a mass 
It might hold together in opposition to forces which the 
water freely obeys, but in its state of successive or simul 
taneous degradation, when disseminated through the water, 
in the state of sand or mud, it is subject to all the impulses 
of that fluid In the lapse of time then, the protuberant 
land in both cases would be destroyed, and spread over the 
bottom of the ocean, filling up the lower parts and tending 
continually to remodel the surface of the solid nuclens in 
correspondence with the /orm of equilibrium in both cases. 
Thus, after a sulficient lapse of tune in the case of an earth 
nt rest the equatorial cootioent thus forcibly constructed, 
would again be levelled and transferred to the polar excava 
tions, and the spherical figure be so at length restored la 
th-it of an earth in rotation, the polar protuberances would 
gndaally be cut down and disappear, being transferred 
to the equator (as being ffiea the deepest sea) till the etrth 
would assume by degrees the form we observe it to have — 
that of a flattened or oblate ellipsoid 

(228 j We ore far from meaning here to trace the process 
by which the earth really assumed ita actual form, all we 
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iDtcnd IS, to show that this is the form to which, under 
the conditions of a rotation on its axis, it must tend, and 
which It would attain, even if ongmallj and (so to speak) 
preversely constituted otherwise 

(229 ) But, further, the dimensions of the earth and the 
time of Its rotation being known, it is easy thence to calcu 
late* the exact amount of the centrifugal force,* which, at 
the equator, appears to he ,l,th part of the force or weight 
by which all bodies, whether solid or liquid, tend to fall 
toward the earth By this fraction of its weight, then, the 
sea at the equator is lightened, and thereby rendered bus 
ceptible of being supported on a higher level, or more 
remote from the centre than at the poles, where no such 
counteracting force exists, and where, in consequence, the 
water may be considered as tpeetjieally heavier Taking 
this principle as a guide, and combining it with the laws 
of gravity (as developed by Newton, and ns hereafter to bo 
more fully explained), mathematicians have been enabled 
to investigate, d priori, what would bo the figure of equilib 
rium of such a body, constituted internally as we have 
reason to believe the earth to be, covered wholly or par 
tially with a fluid, and revolving uniformly in twenty four 
hours, and the result of this inquiry is found to agree very 
satisfactorily with what experience shows to be the case 
From their investigations it appears that the form of equi 
librium 13, in fact, no other than an oblate ellipsoid, of a 
degree of ellipticity very nearly identical with what is ob 
served, and which would be no doubt accurately so, did 
we know, with precision, the internal constitution and 
materials of the earth 


* l<ewtot> • Princ p «, in. Prop 19 
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(280.) The confirmation thus incidentally furnished,* of 
the hypothesis of the earth’s rotation on its axis, cannot 
fail to strike the reader. A deviation of its figure from 
that of a sphere was not contemplated among the original 
reasons for adopting that hypothesis, which was assumed 
solely on account of the easy explanation it ofliers of the 
apparent diurnal motion of the heavens. Yet we see that, 
once admitted, it draws with it, as a necessary conseqnence, 
this other remarkable phenomenon, of which no other satis- 
factory account conld be rendered. Indeed, so direct is 
their connection, that the ellipticity of the earth’s figure 
was discovered and demonstrated by Newton to bo a conse- 
quence of its rotation, and its amount actually calculated 
by him, long before any measurement bad eoggested such a 
conclusion. As we advance with our subject, we shall find 
the same simple principle branching out into a whole train of 
singular and important consequences, some obvious enough, 
others which at first seem entirely unconnected with it, and 
which, until traced by Newton up to this their origin, bad 
ranked among the most iQscrut.*ible orcana of astronomy, 
as well ns among its grandest phenomena. 

(281.) Of its more obvious consequences, we may here 
mention one which falls iiatumny within our present sub- 
ject. It the earth really rcvolvo on its axis, this rotation 
most generate n coutnfognl force (see art. 225), Iho effect 
of which must of coarse bo to countcrnct a certain portion 
of the uei^ht of every body auunted nt iho equator, ns com- 
p.ipcd with Its neight at the poles, or in any intcrmodiaie 
latitudes. Now, tins IS fully confirmed by experience. 
There is actually observed to exist a difference in the 
yraii/y, or ilownwftnl tcndeni^, of one and the same body, 
when conveyed successively to stations in different liti- 
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tudea Expenment<? made with the great«»t care, and in 
every accessible part of the globe, Lave folly demonstrated 
the fact of a regular and progrcsaivo increase in the weights 
of bodies correapoGding to tho increase of latitude, and fixed 
Its amount and the law of its progression From these it 
appears, that the extreme amount of this \ariation of 
graVitj, or the difference between the eqaatorial and polar 
weights of one and the same mass of matter, is 1 part in 
194 of Its whole weight, the rate of increase in triielhng 
from the equator to the pole hemg as th-" tquare o/ t/te sine 
of Oie latitude 

(232 } The reader will here naturally inquire what is 
meant by speaking of the same bod> as bating different 
weights at dtffereat stations, and, lion such a fact, if true, 
can be ascertained When we weigh a body by a balance 
or a steel yard we do but counteract its n eight b} the equal 
weight of another bod^ under the very same circumstances, 
and if both the body weighed and its counterpoise be rc 
moved to another station, their gnvitj, if changed at all, 
will be changed equally, so that they will still continue 
to connterbalance each other A difference in the intensity 
of gravity could, therefore, never be detected by these 
means, nor is it in this sense that we assert that a body 
weighing 194 pounds at the equator will weigh 195 at the 
pole If counterbalanced in a scale or steel yard at the 
former station, an additional pound placed in one or other 
scale at the latter would inevitably sink the beam 

(233 ) The meaning of the proposition may be thus ex 
plained — Conceive a weight or suspended at the equator 
by a string without weight passing over a pulley. A, and 
conducted (supposing such a thing po sible) over other 
pulleys such as B, round the earth s convexity, till the 
Abtboxomt— V ol SIX— 9 
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other end hung dorrn nl the pole, ond there eaewmed 
the weighty If, then, the weights x nnd y were each ae, 
c ot anyone etatton, cquatornl or polar, 
« would exactly counterpoiee each other 
I on a balance, or when euapeeded aide 
/ / I bj pulo o\cr ft flinglo pulley, the> would 

/ I I not counterbalance each other in this 

^ flupposed Situation, but tho polar weight 

' y would prcpondemlo, and to restore 

tho equipoise tho weight * must bo increased by ,{,th part 
of Us quantity 

(234 ) Tho means by which tim tanation of gravity may 
bo sliown to exist, nnd its amount measured, aro twofold 
(like nil cstimatioos of mecbanical power) statical and dy 
nimica! The former consists m potting ibo gravity of a 
weight in cquihhrium, not with that of another weight hot 
with ft natural power of a different kind not Itablo to bo 
odected by local sicuattoa Such a power is tho elastic 
force of a spring Let A B C bo a strong support of brass 
standing on tho foot A E Z> cast to one pieco with it, into 
which IS let a smooth plato of agate, D, which can be ad 
justed to perfect honzontality by n Jorol At C let a spiral 
spring G bo attached, which carries at its lower ond a weight 
r, polished and convex below The length and strength 
of tho spnng must be so adjusted that tho weight F shall 
bo sustained by it just to swing clear of contact with the 
agate plate in the highest latitude at which it is intended 
to use the instrument Then, if small weights be added 
cautiously, it may be made to descend till it jusl grazes the 
agate, a contact which can be made with the utmost imagi 
nahlc delicacy Let these weights be noted the weight F 
detached, the spring G carefully lifted off its hook, and 
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b(X,arod, for trwellinjr from ra*«l j'U'on, or tlHtiirhnnco, 
and the whole apparatus c»m>ejcd to a station in a lower 
latitude It will then be (oattd on remounting it, thnt, 
although loaded with the same additional weights as before, 
the weight F will no longer hnto power enough to stretch 
the spring to the extent n iuire<l for pro 
duhag n similar contact More wcigiits 
will rcqutrt. to be ndded, and the nidi 
tional quantit) nece«aarj will, it is evi 
dent measure the dtflcrenco of graaity 
between the two stations as extrted on 
the whole quantity of pendent matter, 

I e the sum of the weight of F and fitil/ 
that of the spiral spring itscU Oinnling 
that a spiral spring can bo constructed 
of such strength and dimensions that a 
weight of 10 000 grams mclitdmg its 
own, shall produce an elongation of 10 inohes without 
permanently straining it * one additional grain will pro 
duco a further extension of ^th of an inch, a quantity 
which cAonot poasjhjy Ih> mMaUer) w such a contJici nit 
that ID question Thus wo should bo proiidod witli tho 
means of measuring tho |K>wcr of gravity at any station to 
within nl„ th of Its whole quantity 

(285 ) The other, or dynamical process bj whioh tlio 



' Whoiher tho process sboro SmertboU could ercr bo »o tor |<«rf 'ctnil nnd 
roQnod Ml to become o ■ bnUl to for U o tine of the pond I m n unt dopou I on 
tho IcRToo of pom unonco end t oltormliy of Action of uprtnpi on tl o c< slnnoy 
or T&r ablUtr of tho cS >01 of ten poraluro o i tl olr oImUo force on tho ^slbllitir 
of traniporlinir tbetn, ntrolutcl^ u Allorrd from pinco to pince eto Tho (trmt 
AiframivRwr ftowurw mhVit «• <n> OTSppirffrftw^nfi;^ ttr«Jr <n! tfiWmcAlnr imrilf 
poAUMit la point of contonlonco cheopnens porlnl litj and otpodlllon oror 
tho present Wnrlo « tc>l o s, nnd ozponslTo proco'ia render tho atten pi well 
worth making; Voto f 1 
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forte urging nnj given weight to tlio cnrtli maj bo ilcter 
inincd, enruusU in MCCrUumng the \cIocit) impirtcd bjr it 
to the weight when sufftrcil to fnll frccl} in ft given time, 
ftfl one ftccnniJ This velocity cannot, indeed, be directly 
jneftsiired, hut indirectly, the princJiilrs of mechanicH far 
iiiih ftfi cisi and cerUtn means of deducing it, and, coase 
qucntlj, the intcti<*it) of gravity, by observing the oscHIa 
turns of ft pcndoUim It is proved from mechanical pnn 
ctplcs,' iliat, if ono and the same pendulum bo made 
to O'^cilhto at different stations, or under the mnuenco 
of diilcrcnt forces, and the numbeni of oscillations marie id 
the Bftino time in each caso hecoontcrl the inlcnsitiM of the 
forces will bo to each other as the squares of the numbers 
of oscillations made, and thus their proportion becomes 
known For instance it is found that, under tho equator, 
ft pendulum of a certain form and length makes 8( 400 
vibrations in a mean solar day, onii that when transported 
to London, tho same pendulum makes 80 5^ vibrations in 
the same time Ilenco we conclude, that the intensity of 
tho force urging the pendulum downward at the cquotor 
IS to that at London ns (86 400)’ to (86 6S5) ’ or as 1 to 
1 00310, or in other words, that a mass of matter weighing 
in London 100 000 pounds, exerts the same pressure on the 
ground, or tho same effort to crush a body placed below it, 
that 100 815 o/ (Ae same jx>unds transported to the equator 
■would exert there 

(286 ) Expenments of this kind have been made, as 
above stated, with the utmost care and minutest precaution 
to insure exactness in all accessible latitudes, and their 
general and final result has been, to give th for the fraction 


KetrCoti « PriiMrfpa, H Prop 24 Ocr 9 
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expressing the ditlcrence of gravity at the equator and 
poles Now, It will not fail to be noticed by the reader, 
and will, probably, occor to him as an objection against 
the explanation here given of the fact by tht earth s rota 
tion, that this differs matcriall} from the friction Jl, express 
mg the centrifugal force at the equator Tho dilTcrcnce by 
which the former fraction exceeds the latter is ,i„ a small 
quantit} in itself, but stiU far too large, compared with tiie 
others in question, not to be distmcll} accounted for, and 
not to prove fatal to this explanation if it will not render 
n strict account of it 

(237 ) The mode in which this difTerence arises affords 
a curious and instructive example of tho indirect lofluence 
which mechanical causes often exercise, and of wluch as 
tronomy furnishes lonumemble instances The rotation of 
the earth gives nsc to the eentnfugal force, the centrifugal 
force produces an cUipticity m the form of the earth itself, 
and this very cllipticity of form modifies its power of attrac 
tion on bodies placed at its surface, and thus gives nso to 
the difference m question Here, then, we have tho same 
cause exercising at once a direct and an indirect inQuence 
The amount of the former is easily calculated, that of the 
latter with far more difficulty, by an intricate and profound 
application of geometry, whose steps we cannot pretend to 
trace in a work like the present, and can only state its 
nature and result 

(233 ) The weight of a body (considered as undimimshed 
by a centnfagal force) is the effect of the earth’s attraction 
on iL This attraction, as Newton has demonstrated, con 
Bists, not in a tendency of all matter to any one particular 
centre, but in a disposition of every particle of matter in 
the tmiverse to press toward, and if not opposed to approach 
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to, every other The attraction of the earth, then, on a 
body placed on its surface, is not a simple but a complex 
force, resulting from the separate attractions of all its parts 
JTow, It IS evident, that if the earth were a perfect sphere, 
the attraction exerted by it on a body placed anywhere on 
Its surface, whether at its equator or pole, must be exactly 
alike — for the simple reason of the exact symmetry of the 
sphere in every direction It is not less evident that, the 
earth being elliptical, and this symmetry or similitude of 
all its parts not existing, the same result cannot be expected 
A body placed at the equator, and a similar one at the pole 
of a fiattened ellipsoid, stand in a diferent geometrical rela 
tton to the mass as a whole This difference, witbont enter 
mg farther into particulars, may be expected to draw with 
It a difference m its forces of attraction on the two bodies 
Calculation confirms this idea It is a question of purely 
mathematical investigatioo, and has been treated with per 
feet clearness aud precision by Newton, Mnclaunn, Clairaot, 
and many other eminent geoiucteis, and the result of tbcir 
investigations is to show that, owing to the elliptic form of 
the earth alone, and indepcodcnt of the centrifugal force, 
Its attraction ought to increase the weight of a body m going 
from the equator to the polo by almost exactly ,l,th part, 
which, together with ^th due to the centrifugal force, make 
up the whole quantity, ,J,th, observed 

(239 ) Anothtr great geographical phenomenon, which 
owes Its oxislenco to the earth** rotation, is that of the 
trade winds These mighty currents in our atmosphere, on 
which so important a part of navigation depends, arise from, 
lat tho uneqoal exposure of the earth’s surface to the sun’s 
rays, by which it la unequally healed in difTerent latitudes, 
and, 2dly, from that general law in the consiiiuiioa of all 
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flaicb, tn \irtue of %shtcli the\ occupy a larger bulk, and 
become specifically lighter when hot than when cold These 
cau®c3, combined with the earth's rotation from west to east, 
afford an easj and satisfactory explanation of the magnifi 
cent phenomena in question 

(210) It IS a matter of obserted fact, of which wo shall 
gt\e tho explanation further on, that the sun is constantly 
^ertlcal over some one or other part of the earth between 
iro parallels of latitude, called the tropics, respectively 23,’ 
north, and as much south of the equator, and that the whole 
of that zone or belt of the earth’s surface included between 
the tropics, and equally divided b) the equator, is, m conse 
quence of the great altitude attained by the sun in its diurnal 
course, maintained at a much higher temperature than thusc 
regions to the north and south which he nearer the poles ' 
Now, the heat thus acquired by the earth s surface is com 
tnnmcated to the incumbent air, which is thereby expanded, 
and rendered specifically lighter than tbc air incumbent on 
the rest of the globe It is, therefore, m obedience to the 
general laws of hydrostatics, displaced and buoyed up from 
the surface, and its place occupied by colder, and thcreforo 
heavier air, which glides in, on both sides, along the sur 
face, from the regions beyond the tropics while the dia 
placed air, thus raised above its due level, and unsustaincd 
by any lateral pressure, flows over, as it were, and forms an 
upper current m the contrary direction, or toward the poles, 
which, being cooled in its course, and also sucked down to 
supply the deficiency in the extra tropical regions, keeps 
up thus a continual circalation That this is a real cause 

* Fir«l dutmctl]’ dclircred bj Hadler tbougfa. erroncouslr ftUribut«d 
to BdmuDd Usllej whose theot^ of the trade winds u altogether erroneous 
(See Dore, Uctcorol Untersuehtiogoi, p 23T } 
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(vera causa) IS placeO jd complete evidence bj the genera^ 
fact that the atmospheric pressure at the surface of the sea 
diimmahea regularly from either tropic to the equator, 
■where the barometer stands habitually about 0^ 2 lower 
than in the temperate zon^ 

(241 ) Since the earth revolves about an axis passing 
through the poles, the equatorial portion of its surface has 
the greatest velocity of rotation, and all other parts Jess in 
the proportion of the radii of the circles of latitude to ■which 
they correspond Bat as the air, "when relatively and ap 
patently at rest on any part of the earth’s surface, is only 
so because in reality it participates in the motion of rotation 
proper to that part, it follows that when a moss of air near 
the poles is transferred to the region near the equator by 
any impulse urging it directly toward that circle, in every 
point of Its progress to^78rd its new situation it must be 
found deficient in rotatory velocity, and therefore unable 
to keep up with the «peed of the new surface over which 
It js brought Hence, the currents of air which set in 
toward the equator from the north end south must, as 
the^ glide along the surface, at the same time lag, or hang 
back, and efra^ upon it in the direction opposite to the earth a 
rotation t e from east to west. Thus these currents, which 
but for the rotation would be simply northerly and southerly 
winds, acquire from this cause, a relattie direction toward 
the west, and assume the character of pennauent north 
easterly and southeasterly winds 

(242 ) TVere any tonsideroblc mass of avr to bo euddenly 
transferred from biyond the tropiLS to the equator, the 
diJIerence of tho rolitory velocities proj er to iho two situn 
tions woajd be "o grc-it a* to produce not rnirelp n wind, 
but a tempest of the most deslructtvo Molcncc. But this 
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IS not the caso the ad\aDce of the air from the north and 
south IS gradaal, and all the while the earth is continually 
acting on, and by the friction of its surface accelerating 
its rotato:t 7 velocity Supposing its progress toward the 
equator to cease at an^ point, this cause would almost im 
mediately communicate to it the deficient motion of rota 
tton, after which it would revolve quietly with the earth, 
and be at relative rest Wo have only to call to mind the 
comparative thinness of the coating which the atmosphere 
forma around the globe (art 35) and the immense mass 
of the latter, compared with the former (which it exceeds 
at least 1,200,000 times), to appreciate fully the influence of 
any extensive territory of the earth over the atmosphere 
immediately incumbent on it, in destrojing any impulse 
once given to it and which is not continually renewed 
(248 ) It follows from this, then, that as the winds on 
both sides approach the equator their easterly tendency 
must dimvnieb '* The lengths of the diurnal circles increase 
very slowly in the immediate vicinity of the equator, and 
for several degrees on either side of it hardly change at all 
Thus the friction of the surface has more time to act in 
accelerating the velocity of the air, bringing it toward 
a state of relative rest and diminishing thereby the relative 
set of the currents from east to west which, on the other 
hand, is feebly, and at length not at all reinforced hy the 
cause which originally produced it Arrived, then at the 
equator, the trades most be expected to lose their easterly 
character altogether But not only this but the northern 
and southern currents here meeting and opposing, will 
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mutually destroy each other, leaving only such preponder* 
ancy os may bo duo to a diiFcrenco of local causes acting 
in the two hemispheres — which la some regions around the 
equator may he one way, in some another. 

(244 ) The result, then, mast be the production of two 
great tropical belts, in tbe northern of which a eonstant 
northeasterly, and in the southern a southeasterly, wind 
must prevail, while tbe winds in tbe cquatonal belt, which 
separates the two former, should be comparatively calm 
and free from any steady prevalence of easterly character. 
All these consequences are agreeable to observed fact, and 
the system of aSrial currents above described constitutes la 
reality what is understood by the regular trade utnds 

(245 ) The constant friction thus produced between the 
earth and atmosphere in tbe r^ions near the equator must 
(it may be objected) by degrees reduce and at length destroy 
the rotation of the whole ma<*s The laws of dynamics, 
however, render such a consequence, generally, impossible} 
and It IS easy to see, in tbe pre«cDt case, where and how 
the compensation tak.es place The heated equatorial oir, 
while it rises and flows over toward the poles, carries with 
it the rotatory velocity due to its equatorial situation into 
a higher latitude, where the earth’s surface has less motion. 
Hence, as it travels northward or southward, it will gain 
continually more and more on the surface of the earth in 
its diurnal motion, and t^sumc constantly more and more a 
westerly relative direction, and when at length it retarns 
to tbe surface, in its circulation, which it must do more or 
less in all the interval between the tropics and the poles, 
it will act on it by its fnction as a powerful southwest wind 
in the northern hemisphere, and a northwest in the southern, 
and restore to it the impulse taken up from it at tbe equator. 
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We have here the origin of the southwest and westerly gales 
80 prevalent in our latitudes, and of the almost universal 
westerly winds in the North Atlantic, which are, in fact, 
nothing else than a part of the general system of the re 
action of the trades, and of the process by which the cqui 
librium of the earth’s motion is maintained under their 
action 

(245 o ) If in any region of the earth s surface, where 
the latitude is considerable, and where, in consequence the 
circnmfercnce of the diurnal circles described by points on 
the same meridian a few degrees asunder differ considerably, 
an impulse (from whatever cause arising) from the pole 
toward the eqnntor be communicated to a portion of the 
atmosphere covering several square degrees, an observer 
situated on the equatorial limit of tbe area so disturbed will, 
in the first instant of the disturbance, experience a wind 
blowing directly from the pole, tea north wind in the 
northern hemisphere and a south in tbe southern To fix 
oar ideas suppose him sitnate in north latitude and beyond 
the tropic The air which reaches him in the first instant, 
arising from a place in bis immediate vicinity, has the same 
diurnal rotatory velocity with himself, and will therefore 
have no relatiie movement westward But the southward 
movement of tbe whole mass of air continuing, the wind 
which subsequently reaches his station arriving from lati 
tudes continually more and more north, and therefore set 
ting out with a rotatory velocity continually more and more 
inferior to that of tbe observer, will lag more and more be 
hind the easterly motion of the earth’s surface at his station, 
and will therefore become, relatively to him, more and more 
of an east wind In other words, a wind commencing to 
blow from the north will not continue long to do so, but 
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will “draw toward the tasi,'* veenng gradually round to 
N N E and N E , vtce versd i£ the impulse of the mass 
of ait be from south to north. The first impre'«ion on the 
observer will be that of a south wind, which m the progress 
of time will veer round through S S W to S W , and so 
mutatis mutandu in the other hemisphere, and thus arises 
a general tendency of the wind m extra tropical latitudes 
to veer in a fixed direction, or “to follow the sun,” which 
meteorological observation very decisively confirms as a 
matter of fact, and is therefore pro ianto a proof of the 
reality of the assigned cause " 

(246 6 ) It 13, however, in those tremendous visitations 
called “hurricanes,’ which sweep across land and sea with 
a devastating power exceeded only by the earthquake, that 
we find the moat striking verification of the principle above 
stated Suppose that in any locality m the northern hemi 
sphere some considerable portion of the surface, whether of 
sea or land, should become so much more heated by the 
sun's rays than that surrounding it, as to determine an up* 
ward movement in the mr above it in the nature of an 
ascending column, thereby giving rise to a diminished 
barometric pressure, and ns a necessary consequence to 
an indraught of air from all quarters toward the healed 
area Those portions which arrive from the east and west, 
participating in the entire diurnal movement corresponding 
to the latitude, will simply meet and bo burned upward, 
without any tendency to gyrate round n centre But the 
portions which amie from the northward will all reach 
the heated region or its immediate confines with a modified 
power Those which come from the nortlicasterly quadrant 
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'Will have their westerl} force increased, and those from the 
northwest quadrant, their easterly force diminished, so that 
in amviDg from the northward, the general current setting 
to the heated region will hare assumed a tendency from 
cast to west, and in arriving from the southward from 
west to cast, and these portions being drawn up together 
mtd the ascending column, will necessarily assnme a rota 
tion round its general axis in the direction N W S E 
whereas, were the earth at rest, the air coming in from all 
quarters with equal force, each particle would make direct 
for the centre, and simply be thrown up vertically without 
any gyration 

(245 c ) The rotation thus given to the ascouding column 
in the northern hemisphere is m a direction contrary to'tbat 
of the hands of a watch face upward which wc may term 
retrograde And by a similar reasoning, m the southern 
It will be seen that a contrary or direct rotation ooght to 
arise from the operation of the same causes It is, more 
over, obvious, that the energy of the vortex so produced 
must be, cctteris paribus proportional to that of its efHcient 
causes In high latitudes there is a deficieacj of solar 
heat to produce a powerful ascensional current On and 
about the equator on the other baud though beat be 
abundant the other efficient cause viz a considerable 
difference of diurnal rotatory velocity, is absent Such 
movements therefore cannot exist on the equator and 
their intensity will chiefly be confined to regions m 
moderate latitudes 

(245 d) Now every one of these particulars is in exact 


’ See Encjrclop Bnt § 13 for the complete reasoning out of 

thin process. 
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conformity with tho history of those humcanea, or cyclones, 
as they have been called, from their revolving character, 
which infest the Atlantic along the east coasts of the United 
States and the West Indies, the Indian Ocean, and (under 
the name of typhoons) the China seas Their extent and 
violence are frightful, their rotation in the same hemi 
sphere is invariably the same, and m each, that which 
theory indicates, and they are utterly wanting on the 
equator This grand result, the establishment of which 
we owe to the labors of Jfr RedfleM, Sir W Keid, and 
Mr Piddington, forms a capital feature in the array of 
evidence by which the rotation of the earth, as a physical 
fact, IS demonstrated 

(246 e ) Another class of phenomena, inexplicable ex 
cept on the hypothesis of the earth’s rotation on its axis, 
but flowing easily and naturally from the admission of that 
principle, has, within a few years from the present time, 
been brought under our inspection by M Foucault If a 
heavy mass of metal (a globe of lead, for example) be sus 
pended by a long wire from a solid and perfectly fixed sup* 
port, over the centre of a plane table of a circular lorm, and, 
being drawn aside from the perpendicular (suppose in the 
direction of the mendian) be then allowed to oscillate, tnk 
ing extreme care to avoid giving it any lateral motion (which 
may be accomplished by drawing it aside by a fine thread, 
and, when quite at rest, burning off the thread), it will of 
course commence its oscillations in the plane of the mend 
lan But when watched attentively, marking on the table 
the points of its circumference, from time to time, opposite 
to its points of extreme excursion, it will m a lew minutes 
be seen to have (apparently) shifted it<? plane of motion, the 
northern extremity of its excursions to and fro having tnia 
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riallt/ gone round in azimuth toward the east, and the southern 
toward the toest {supjmsing the erperiment made in the northern 
hemisphere— vice versd in the southern). AUhoagh in a few 
oscillations the deviation is too small to be readily per* 
ceived, it at length becomes apparent that the path traced 
on the table by the projection of the centro of the globe, in* 
stead of being a ngorons straight line, as it most bo accord* 
ing to the laws of dynamics, were the table at rest, is, in 


JV*** 



reality, a looped curve of the form here shown {fy. o) (the 
intervals of the loops being mneh exaggerated), all of them 
passing through the centre of the toble 

(245 /.) It IS evident that such a motion is quite diflerent 
from that which a small lateral motion accidentally comma* 
nicated to the pendulous body would produce The effect 
of such an impulse would be to mal^e the central mass de* 
senbe a senes of elongated ovals, a kind of elliptic spiral, 
the convolutions of which would pass, not through, but 
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rc^ olving round one of its'oxea of permanent rotation, amf 
free from any disturbing attnefatnent to surrounding objects, 
will preserve its piano of rotation unaltered Imagine a 
motaUic disk, thm m tbe centre but Ver^ thick at the cir 
cumferenco so os to present in section tho figure A B, to bo 
fixed on an axis C B, perpendicular to its piano which turns 



in pivot holes 0 I), on opposite ends of tbe diameter of a 
ring of metal, which is itself provided with exterior pivQts 
on tbe extremities of a diameter at right angles to the 
former, and let these rest in pivot holes E F, at the lower 
ends of a semicircular metalho arc E G F, supported from 
its middle G by a torsionless suspension sneb as may be 
formed by attaching a thread to a book at the lower end of 
a steel arm, terminating ia an inverted conical point resting 
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in a polished agatc’ciip as at 11. ^ The whole of thia appa- 
ratus is to be executed with extreme dchcacji and nitb 
every precaution to secure perfect equilibrium and freedom 
from friction in the pivots. Suppose now that by some 
SufTicient mechanical means an exceedingly rapid rotation 
is communicated to the disk which is then abandoned to 
itself. It \i evident then, let, that it may be set in rotation 
originally in any given plane, and, 2dly, that however that 
initial piano be situated, it will thenceforward continue to 
rotate in that plane, since the mode of suspension is each os 
to exercise no control over it, in that respect. If the disk 
be heavy, the initial rotation very rapid (and especially if 
suspended in vacuo) the motion will be kept np for a con- 
siderable ttme^uite long enongh to exhibit the phenomena 
due to the earth’s rotation. 

(245 « ) There being no action exerted by either the 
pivots or the suspension which can affect the plane of rota- 
tion, this will necessarily continue unchanged, so that the 
axis 0 D about which it spins will remain parallel to itself, 
however the point of suspension may be varied in place by 
bodily transfer of the whole apparatus, or in relalhe post' 
(ion by change in the absolute direction of gravity conse- 
quent on the earth's diurnal rotation. Suppose then the 
axis G B to point at any instant to a given dxed star, then 
if the earth were nt rest and the diurnal movement of the 
starry heavens real, it conld not continue so to point, since 
the star would move away out of its line of direction, and 
would appear to leave it behind. The contrary however is 
the case. The axis of the disk contmues to point to the star 
so fong as (he disk iiseii confinaea to revofve, and, coufd its 
rotation be kept np for twenty-four hours, would doubtless 
continue to follow it through its whole diurnal circle both 
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round the centre, as here represented (Jig 6), and that m 
difierently m one direction or the other, according to the 
accident of the lateral impnlse On the other hand, the 
observed effect is precisely such as would take place, sup 
posing the plane of oscillation to remain invariable, and the 
table to revolve beneath it in its own plane in a contrary 
direction (from north to west) with an angular motion duly 
adjusted Supposing the oscillating ball to leave a trace on 
the table so turning, that trace would evidently be such a 


Fa ^ 



one as described in the preceding orticle and if we admit 
the rotation of the earth, it is a fact that the table thoagh 
unperceived by ns does so turn It is not transferred by 
the earth a rotation bodily to the eastward by a parallel 
movement of all its parts The southern extremity of its 
meridional diameter S is earned in a given time (suppose one 
minute) more to the eastward than the northern so that it 
has virtually rotated in its own piano through an angle cor 
responding to the difference o£ these two movements of 
transference 
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(245 g ) This difference »a a maximum at the pole (whcro 
It 18 obvious that the table turns entirel} m its own plane, 
as the earth's surface there docs), and it is ntf at the 
equator, where, in consequence, the experiment would bo 
made m ram (the entire rotation of the table there being in 
a plane perpendicular to its own); and generally the effect 
will'bo more strikingly dovelopeil in high than in low lati* 
tudes To show this more clearly, suppose P the north 
pole, C the centre of the earth, G P Q its axis prolonged, 
A B two 8Uccc«sivo positions of the table at an interval of 
one minute of time, during which the 
meridian A P has rotated through an 
angle of 0" 16 round P to the position 
B P The plane of the table, being a 
tangent to the earth’s surface, will, if 
produced (whether it bo at A or D) 
meet the axis at Q the vertex of a 
cone having for its base the diurnal 
circle of the place of observation Dur 
ing the small interval in question, the 
portion A Q D of this conical surface 
may be regarded as plane, and the motion of the table will 
be the same as if it formed a part of that piano, and revolved 
round a piv ot at Q, the mendional diameter a a being trans 
f erred into the position ( 1/ making with a a an angle equal 
to A Q B Now this angle at the equator la nif, the summit 
of the cone being there infimtely remote, whereas, on the 
pole it is identical vyith tho spherical angle APB, the 
table there rotating about its own centre 

(246 h ) The gyroscope is an instrument devised by II 
Foucault to exhibit the same sort of effect in another man- 
ner It depends on the very obvious principle that a body 
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revolving round one ol its^axcsof permanent rotation, ani 
free from any dzsturbiog attacbment to surrounding objects, 
will preserve its piano of rotation unaltered Imagine a 
metallic disk, thin in the centre but Very thick at the cir 
cumference so ns to present in section the figure A B, to be 
fixed on an axis 0 2), perpendicular to its plane which toms 



in pivot holes O JD, on opposite ends of the diameter of a 
Ting of metal, which is itself provided with exterior pivQts 
on the extremities of a diameter at right angles to the 
former, and let these rest in pivot holes E F, at the lower 
ends of a semicircular roetollio aro E G F, supported from 
its middle G by a torsionless saspension, such as maj be 
formed by attaching a thread to a hook at the lower end of 
a steel arm, terminating in an inverted conical point resting 
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la a polished agate cup as at 11 The vrbolo of this appa. 
ratus IS to be executed with extreme delicacy, and with 
every precaution to secure perfect equilibrium and freedom 
from friction in the pivots Suppose now that by some 
sufCcicnt mechanv^al means an cxcecdiugly rapid rotation 
13 communicated to the disk which is then abandoned to 
itself It \i evident then, let, that it may be set in rotation 
originally in any giicn piano, and, 2dly, that howcicr that 
initial plane be situated, it will thenceforward continue to 
rotate in that plane, since the mode of snspension is sneh os 
to exercise no control over it, m that respect If the disk 
be heaiy, the initial rotation very rapid (and especially if 
suspended in vacuo) the motion will be kept np for a con 
siderable time— quite long enough to exhibit the phenomena 
due to the earth ^ rotation 

(245 t ) There being no action exerted by either the 
pivots or the suspension which can aSect the plane of rota 
tion, this will necessarily continue unchanged so that the 
axis C D about which it spina will remain parallel to itself, 
however the point of suspension may be varied tn place by 
bodily transfer of the whole apparatus or tn relative poet 
tion by change in the absolute direction of graiity conse 
quent on the earth s diumal rotation Suppose then the 
axis G D to point at any instant to a given fixed star, then 
if the earth were at rest and the diurnal movement of the 
starry heavens real, it could not continue so to point, since 
the star wonld move away out of its line of direction and 
would appear to leave it behind The contrary however is 
the case The axis of the disk continues to point to the star 
BO fong as drstiisef/coirtniaes to ivrulrv, and, coaid its 
rotation be kept up for twenty four hours, wonld doubtless 
continue to follow it through its whole diurnal circle both 
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ft\v)vo nnti below llio honzon, ntTonlinR iViaa n clear ocular 
<lemon«traiion of llie enrth** rotation, sinto if a line, of 
iTho<o of cbrrtlmn wo arc d jmort mte, appear to rarjr 
in fwiUon with rctptci to the tiwblo Iioruon and nurround 
mg objccta it cannot be bat tliat 0iat bonzon nnd thoie ter 
rcatriftl jiointa of reference hn\o, tlitni5elre<, shifted m posi 
tion bj n eorre>|>onding oppooite morcraent 

(21oj) ff the conditions of suspension bo aneb ss to 
limit the axH of rotation of the dusk to a piano bolding a 
dclemiinalo position with respect to the boriron, as, for 
instance, that of the bonion itself, or of the nicndian of the 
pHcc, ita mot ements are in conformity with what the pna 
tiples of djuamics indicate os the result of a composition of 
the freo rotation of the disk and that of the earth to partially 
communicated to it Wc shall not however pursue the sub 
jeet into these details The student will flod them locidly 
oscplnfncd by Professor PowcH In the monthly notices of 
the Astronomical Society for April, 18o5 The mechancal 
fact on which tho whole theory turns (the powerful resist 
anco opposed by a rapidly revolving heavy body to a change 
of position in its axis of rotation) may be brought under the 
evidence of tho senses by tho following simple ond olegaot 
experiment Let any one dctacb an 16 inch terrestrial globe 
from Its wooden frame, and, holding it by the brass mend 
lan with the plane of that circlo horizontal, let a rapid rota 
tion be given to tho globe by an assistant. So long as no 
attempt is made to alter the position of the axis, the only 
sensation experienced by the bolder will be the effort of sus 
taming tho weight of the globe, just ns if jt were at rest 
But so soon as he attempts to shift the <ftr«ction of the axis, 
whether m a horizontal, a vertical, or any other plane, he 
will at once become aware of a resistance in the revolving 
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globe to aucb a change, quite different Irom the simple iner 
tia of a globe at rest — a Lind of internal straggle — an effort 
to twist the globe in his handa, as if some animal were in 
closed within its hollow, or as if it were no longer equally 
balanced on its centre If he endeavor to roll the globe on 
Us brass meridian in a right line along the floor (which with 
a non rotating globe wonld be easy) he will find it imprac 
ticable without perpetually and forcibly interferiog, not 
merely to keep the meridian upright but to prevent its run 
rung out of the right line Suppose, for instance, the brass 
meridian to be aertical and its plane coincident with that of 
the true meridian, the axis horizontal, and the globe to 
rotate in the direction in which the heavens appear to re 
volve, i e from the east upward, to the west downt ard, and 
lot him attempt to roll it (lightly held by the finger and 
thumb by the bigbest point of the circle) in a northerly 
direction He will find it run round to the eastward cans 
ing the plane of the brass meridian to shift in azimuth in a 
direction similar to that of the bands of a watch, and vice 
versd if he try to make it roll southward That end of the 
axis which rises appears to be swept along wtth the rcvolv 
iDg motion of the globe as seen from above 

(246 ) In order to construct a map or model of the earth, 
and obtain a knowledge of the distribution of sea and land 
over Its surface the forms of the outlines of its continents 
and islands the couraes of its nvers and mountain chains 
and the relative situations, with respect to each other, of 
those points which chiefly interest us as centres of human 
habitation, or from other causes, it is necessary to possess 
the means of determining correctly the situation of any pro 
posed station on its surface For this two elements require 
to be known, the latitude and longitude, the former assign 
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ing Its distance from the poles or tho equator, the latter the 
meridian on which that dwtance w to bo reckoned To 
those in strictness should be added, its height above the 
sen, level but the conaitleration of this had better be de 
ferred to avoid complicating the subject 

(247 ) The latitude of a station on a sphere would be 
raerelj the length of an arc of the meridian intercepted 
between tho station and tho nearest point of tho equator, 
reduced into decrees (Sec art 68) Eat as the earth is 
elliptic this mode of conceiving latitudes becomes inapph 
cable and we are compelled to resort for our definition of 
latitude to a generalization of that property (art 119) which 
affords the readiest means of determining it by observation, 
and which has the advantage of being independent of the 
figure of the earth which after all, is not exactly an ellip 
sold or any known geometrical solid The latitude of a 
station then is the altitude of the elevated pole and is, 
therefore 8stronomical!y determined by those methods al 
ready esplamed for oscertaioiog that important element 
In consequence, it will be remembered that to make a per 
fectly correct map of the whole or any part of the earth s 
surface equal differeuces of latitude are not represented by 
exactly equal intervals of surface 

(248 ) For the purposes of geode‘>ical * measurements and 
trigonometrical surveys an exceedingly correct determina 
tioa of the latitudes of the most important stations is re 
quired For this purpose therefore the zenith sector (an 
lOBtrument capable of great precision) is most commonly 
used to observe stars passing the mendian near the zemth, 
whose deeUnations have become known by previous long 


** l> Uie earth »«»•» (Irom »«< to Mod) » Joining or coouectioD (of parts) 
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series of ob'^ervations at O'Ted observatories, and which are 
therefore called standard or landamental stars Bcccnilj a 
method** has been employed with great success, which con 
Bists in the use of an instrument similar m every respect to 
the transit instrument, but having the plane of motion of the 
telescope not coincident with the meridian, bnt with the 
prune vertical, so that its axis of rotation prolonged posses 
through the north and sooth points of the horizon Let 
A B 0 B be the celestial hemisphere projected on the hori 



zon, P the pole, Z the zenith, A B the meridian, C D the 
prune vertical, Q B S part of the diornal circle of a star 
passing near the zenith, whose polar distance P B is but ht 
tie greater than the co latitude of the place or the arc P Z, 
between the zenith and pole (art 112) Then the moments 
of this star s arrival on the prime vertical at Q and S will, 
if the instrument be correctly adjusted be those of its cross* 
ing the middle wire in Che field of view of the telescope (art 

Dev sod ongioall/ b/ B&Kter Berlved or re-inrenled bj BesseL— 
NaeKr Ko 10 
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160) Conseqaently the interval between these momenta 
will be the time of the star passing from Q to S, or the 
measure of the diurnal arc Q B S, which corresponds to the 
angle Q P S at the pole This angle, therefore, becomes 
known by ike mere observation 0 / an interval of time, in which 
It 13 not even necessary to know the error of the clock, and 
in which when the star passes near the zenith, so that the 
interval in question is small even the rale of the clock, or 
Its gain or loss on trae sidereal time may be neglected 
Now the angle Q P S or Us half Q P E and P Q the polar 
distance of the star, being known P Z the zenith distance 
of the pole can be calculated by the resolution of the right 
angled spherical triangle P Z Q and thus the co latitude 
(and of coarse the latitude) of the place of observation be 
comes known The advantages gained bj this mode of ob 
servation are, 1st that no readings of a divided arc are 
needed, so that errors of graduation and reading are 
avoided 2dly that the arc Q B S is very much greater 
than Us versed sine R Z so that the difference E Z between 
the latitude of the place and tbe declination of the star is 
given by the observation of a magnitude very much greater 
than Itself, or is as it were, obseri ed on a greatly enlarged 
scale In consequence a very minute error is entailed on 
E Z by the commission of even a consulerablo one jn Q E S 
8dly, that in this mode of observation all tbe merely idstra 
mental errors which affect the ordinary nse of the transit 
instrument are either uninfluential or eliminated by simply 
reversing the axis 

(249 ) To determine the latitude of a station, then, is 
easy It is otherwise with its longitude, whose exact deter 
minnaion is a matter rf more ilid&ch\t> The reason » this 
— as there ore no meridians marked upon the earth, any 
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more than parallels of latitode, we aro obliged in this case, 
as in the case of the latitude, to resort to marks external to 
the earth, t e. to the heavenly bodies, for the objects of our 
measurement; but with this diftercncc in the two cases — to 
observers situated at stations on the same meridian (t.e. dif- 
fering in latitude) the heavens present different aspects at 
all moments. The portions of them which become visible 
m a complete diurnal rotation are not the same, and stars 
which are common to both describe circles differently in- 
clined to their horizons, and differently divided by them, 
and attain different altitudes On the other hand, td ob- 
servers situated on the same parallel (i.e. differing only in 
longitude) tho heavens present the same aspects. Their 
visible portions are the same; and tbe same stars describe 
circles equally inclined, and similarly divided by their hori- 
zons, and attain tbe same altitudes. In the former cose 
there ts, in tbe latter there is not, anything in the appear- 
ance of the heavens, watched through a whole diurnal 
rotation, which indicates a difference of locality in the 
observer. 

(250.) But no two observers, at different points of the 
earth’s surface, can have at t/ie same instant the same celes- 
tial hemisphere visible. Suppose, to fix our ideas, an ob- 
server stationed at a given point of tbe equator, and that at 
the moment when he noticed some bright star to be in his 
zenith, and therefore on bis mendian, he should be sud- 
denly transported, in an instant of time, round one quarter 
of the globe in a viesterly direction, it is evident that he will 
no longer have the same star vertically above him: it will 
now appear to him to be jost rising, and he will have to wait 
six hours before it again comes to his zenith, i.e. before tho 
earth’s rotation from west to east camVs Atm back ayain to 
AfiTBoxoMT— Tot xnt — 10 
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the lino joining the star and tho earth’s centre from which 
he set out. 

(251.) Tho difference of the cases, then, may be thus 
stated, so na to afford a key to the astronomical solution of 
the problem of tlie longitude. In the case of stations differ- 
ing only in latitude, the same star comes to the meridian at 
the same titne, but at different aUttudes. In that of stations 
differing only in longitude, it comes to the meridian at tho 
same altiiude, but at different times. Supposing, then, that 
an observer is in possession of any means by which he can 
certainly ascertain the time of a known star’s transit across 
his meridian, he knows his loDgilnde; or if he knows the 
difference between its time of transit across hie meridian and 
across that of any other station, be knows their difference of 
longitudes. For instance, if the same btar pass the meridian 
of a place A at a certain moment, and that of B exactly one 
hoar of sidereal time, or one twenty-fourth part of the 
earth’s diurnal period, later, then the difference of longi- 
tude between A and D is one hour of time or 16® of arc, 
and B is so much west of A. 

(252.) In order to hare a perlectij' clear aDderataBding 
of the principle on which tho problem of finding the longi- 
tude by astronomical observations is resolved, the reader 
must learn to distingnish between time, in the abstract, as 
common to the whole universe, and therefore reckoned from 
an epoch independent of local aituation, and local lime, 
which reckons, at each particular place, from an epoch, or 
initial instant, determined by local convenience. Of time 
reckoned in the former, or abstract manner, we have an 
example in what we have before defined as equinoctial time, 
which dates from an epoch determined by the sun’s motion 
among the stars. Of the latter, or loenl reckoning, we have 
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instances in cverj sidereal clock in an oliservntory, and in 
every town clock for common oso. Every astronomer regn* 
lates, or aims at regelating, Mb sidereal clock, so that it shall 
indicate 0^ 0* O', when a cerbun point in the heavens, called 
the eqninox, is on the meridian of his station. This is the 
epoch of bis sidereal time; which is, therefore, entirely a 
local reckoning It gives no information to say that an 
event happened at each and sneh an hour of sidereal time, 
nnlc«s we particnlanzc the station to which the sidereal time 
meant appertains. Jnst so it is with mean or common 
time. This is also a local reckoning, having for its epoch 
mean noon, or the average of all the times throughout the 
^car, when the sun is on the meridian o/ that particular place 
to which it belongs’, and, therefore, in like manner, when we 
date any event by mean tune, it is necessary to name the 
place, or particularize ta^ai mean time we intend On the 
other hand, a date by equinoctial time is absolute, and re* 
quires no such explanatory addition. 

(253 ) The astronomer sets and regulates hia sidereal 
clock by observing the meridian passages of the more con* 
spicuous and well-known stars Each of these holds in the 
heavens a certain determinate and known place with respect 
to that imaginary point called the equinox, and by noting 
the times of their passage in succession by his clock be 
knows when the equinox passed At that moment his 
clock ought to have marked <P‘0*0*, and if it did not, he 
knows and can correct its error, and by the agreement or 
disagreement of the errors assigned by each star he can as- 
certain whether his clock ia correctly regulated to go twenty- 
four hours in one diurnal pen<^, and if not, can ascertain 
and allow for its rate Thns, although his clock may not, 
and indeed cannot, either be set correctly, or go truly, yet 
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by nppl}ing it3 error nnd rale (as they arc tccbnjcally 
termed), ho can correct ita indications, and ascertain tho 
exact Bidercal times corresponding to them, and proper to 
hts locality This indisponanblo operation is called getting 
his local hme For eimplicity o/ explanation, Iionovcr, wo 
ahall suppose the clock o perfect jnstmmoat, or, which 
comes to tho same thing, its error and rate applied at every 
moment it is consulted, and included in its indications 
(25-1) Suppose, now, ot two observers, at distant sta* 
(tons, A and B, each, independently of the other, to set 
and regulate his clock to the trnc sidereal time ol bis 
station It IS CMdcnt that if one of these clocks could be 
taken up without deranging its going, and set down by the 
Side of tho other, they would bo found, on companson, 
todiiler by the exact dtilcreRCd of their locsl epochs, that 
18 , by the time occupied by the equinox, or by any star, 
m passing from tho meridian of A to that of B, in other 
words, by their diHcrenco of longitude, expressed m sidereal 
hours, minutes, and seconds, 

(255 ) A pendulum clock cannot be thus taken up and 
transported from place to place without derangement, but a 
chronometer may Suppose, then, the observer at B to 
use a chronometer instead of o clock, he may, by bodily 
transfer of the lustrumcot to the other station, procure a 
direct comparison of sidereal times, and thus obtain his 
longitude from A And even if he employ a clock, yet 
by comparing it first with a good chronometer, and then 
transferring the latter instnment for comparison with the 
other clock, the same end will be accomplished, provided 
the going of the chronometer can be depended on 

(256 ) Were cbronoraetois perfect, nothing more com 
plete and convenient than, thia mode of ascertaining dif 
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lercnccs of longitude could be desired. An obserrer, 
provided with eoch an Instrament, and with a portable 
transit, or some equivalent method of determining the 
local time at any given etation, might, by journeying from 
place to place, and observing ‘ the mcndian passages of 
stars at each (tahing care not to alter bis chronometer, 
or let It run down), ascertain their didcrccces of longitude 
with any required precision In this cose, the same time 
keeper being u^ed at every station, if, at one of them. A, 
It mark true sidereal time, at any other, B, it will be just 
so much sidereal time in error as the difference of longi 
tudea of A and B is equivalent to m other words, the 
longitude of B from A will appear os the error of the time 
keeper on the local time of B If be travel westward, then 
his chronometer will appear continnally to gam, althoagh 
It really goes correctly Suppose, for instance, be set out 
from A, when the equinox was on tbe meridian, or bis 
chronometer at 0‘, and m twenty four hours (sid time) had 
travelled 16* westward to B At the moment of arrival 
there, his chronometer will again point to O’*, but the 
equinox will be, not on bis new meridian, bat on that of 
A and he must wait one hour more for its arrival at that 
of B "When it does arrive there then hia natch will point 
not to 0* but to 1‘, and will therefore be on the local 

time of B If he travel eastward the reverse will happen 
(257 ) Suppose an observer now to set out from any 
station as above described, and constantly travelling west 
ward to make the tour of tbe globe, and return to the point 
be set out from A singular consequence will bappeu he 
will have lost a day in his reckoning of time He will enter 
the day of his arrival m bis diary, as Monday, for instance, 
when, in fact, it is Tuesday. The reason is obvious Days 
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and nights are caused by the alternate appearance ol the 
etiQ and stars as the rotation of the earth carries the spec 
tator round to view them in auccesaion So many turns as 
he makes absolutely round the centre so often will he pass 
through the earth s shadow and emerge into light and so 
many nights and days will ho experience But if he travel 
once round the globe m the direction of its motion he will, 
on bis arrival have really made one turn more round its 
centre and if in the apposite direction one turn less than 
if he had remained upon one point of its surface in the 
former case then he will have witnessed one alternation of 
day and night more in the latter one less than if he had 
trusted to the rotation of the earth alone to carry him round 
As the earth revolves from west to east it follows that a 
westward direction of his journey by which he counteracts 
Its rotation will cause him to lose a day and an eastward 
direction by which he conspires with it to gam one In 
the former case all bis days will be longer in the latter, 
shorter than those of a stationary observer This contm 
gency has actually happened to circumnavigators Hence, 
also it must necessarily happen that distant sectfemeots 
on t! e same meridian will differ a day in their usual reck 
omng of time according as they have been colonized by 
settlers arriving in an eastward or in a westward direction— 
a circumstance which may produce strange confusion when 
they come to communicate with each other The only mode 
of correcting the amb gmty and settling the disputes which 
such a diflerence may give rise to consists m having re 
course to the equinoctial date which can never be am 
biguoua 

(2d8 ) Unfortunately for geography and nav gation the 
chronometer though greatly and indeed wonderfully im 
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proved by the skill of modem artists, is yc‘, far too impcr 
feet an instromcnt to be relied on implicitly Hoire^ er such 
an instrument may preaervo its uniformity of rate for a few 
hours, or even days, jet in long absences from homo tbo 
chances of error and accident become so muUiphed, as to 
destroy all secant} of reliance on even the best To a 
certain extent this may, indeed, be remedied by carrying 
out several, and using them as checks on each other, bnt, 
besides the expense and irooble, this is only a palliation of 
the evil — the great and fnndamcntal — as it vs the only one 
to which the delermtnatton of longitudes hy ^ime keepers is 
liable It becomes necessary, therelore to resort to other 
means of commonicatiog from one station to another a 
knowledge of its local time or of propagating from some 
principal station as a centre its local time as a amver^al 
standard with rhich the local time at any other, however 
situated may be at once compared, and thus tbe longitudes 
of all places be referred to tbe meridian of such central 
point 

(259 ) The simplest and most acenrate method by which 
this object can be accomplished when circumstances admit 
of Its adoption, is that by telegraphic signal Let A and 
B be two observatones or other stations provided with 
accurate means of determining <Aetr respective local times, 
and let us first suppose them visible from each other 
Tbeir clocks being regulated, and their errors and rates 
ascertained and applied, let a signal be made at A of some 
sadden and definite kind such as the flash of gunpowder, 
the explosion of a rocket the sudden extinction of a bright 
light, or any other which admits of no mistake, and can be 
seen at great distances The moment of the signal being 
made must be noted by each observer at his respective clock 
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or watcli, as if it were the transit of a star, or anj astro*' 
nomical phenomenon, and the error and rate of the clock 
at each station being applied, the local time of the signal 
at each is determined Consequently, when the observers 
comtnnmcate tbeir observations of the signal to each other, 
since (owing to the almost instantaneous transmission of 
light) it must have been seen at the same ahtolutt instant 
by both, the difference of their local times, and therefore 
of their longitudes, becomes known For example, at A 
the signal is observed to happen at 6* 0" 0*, sid time at 
A, as obtained by applying the error and rate to the time 
shown by the clock at A, when the signal was seen there 
At B the same signal was seen at V" 4' 0*, sid time at B, 
sinnlarly deduced from the time noted by the clock at B, by 
applying tis error and rate Consequently, the difference 
of their local epochs is 4** O’, which is also their differ 
ence of longitudes in time, or 1® 0 0' in hour angle 

(260 ) The accuracy o! the final determination may be 
increased by making and observing several signals at stated 
intervals, each of which affords a comparison of times, and 
the mean of all which is, of course more to be depended on 
than the result of any single comparison By this means, 
the error introduced by the comparison of clocks may be 
regarded as altogether destroyed 

(261 ) The distances at which eigaals can be rendered 
visible must of course depend on the nature of the inter 
posed country Over sea the explosion of rockets may 
easily be seen at fifty or sixty miles, and in mountainous 
countries the flash of gunpowder in an open spoon may be 
seen, if a proper station be chosen for its exhibition, at 
much greater distances 

(262 ) "When the direct light of the flash can no longer be 
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perceived, eitber owing to the convexitj of the interposed 
segment of the earth, or to intervening obstacles, the sadden 
illumination cast on the under snrfaco of the clouds by the 
explosion of considerable quantities of powder may often 
be observed with snccesa, and in this way signals haie been 
made at very niucb greater distances Whatever means can 
be devised of exciting in two distant observers the sarno 
sensation, whether of sound, light, or visible motion, at 
preewely Ihe anme instant of lime, may bo employed as a 
longitude signal Wherever, for instance, an unbroken line 
of clectrotclcgrapbic connection has been, or hereafter may 
be, established, the means exist of making as complete a 
comparison of clocks or watches as if they stood side by 
side, so that no method more complete for the determina 
tion of differences of longitude can be desired Thus, the 
difference of longitude between the observatories of Green 
wich and Pans was ascertained in 1854 The extreme de 
viation of the most discordant result from the mean of 29 
single determinations (Oh 9 m 20 64 sec ) amounted barely 
to a quarter of a second 

(263 ) Where no such electric communication exists, 
however, the interval between observing stations may be 
increased by causing the signals to be made not at one of 
them bat at an intermediate point, for, provided they are 
6 en by both parties it is a matter of indifference where 
they are exhibited Still the interval which could be thus 
embraced would be verv limited and the method in conse 
qnence of little use, but for the following ingenious con 
trivance, by which it can bo extended to any distance, 
and carried over any tract of country, however difBcult 
(264) This contrivance consists in establishing, between 
the extreme stations, whose difference of longitude is to be 
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Ascertained, and at winch the local times are observed, a 
chain o{ intermediate stations, alternately destined for sig' 
nals and for observers Thus, let A and Z be the extreme 
stations At B lot a signal station be established, at which 
rockets, etc , are fired at stated intervals At 0 let an 
observer bo placed, provided with a chronometer, at P, 
another signal station, at E, another observer and chrb 
nomotcr, till the whole line is oconpicd by stations so 
arranged, that the signal at B can be seen from A and 0, 
those at D, from 0 and E, and so on Matters being thus 
arranged, and the errors and rates of the clocks at A and Z 
ascertained by astronomical observation, let a signal be 
made at B, and observed at A and 0, and the times noted 

r f r 

Thus the difference between A s clock and 0 s chronometer 
becomes known After a short interval (five minutes for 
instance) let a signal be made at V, and observed by C 
and E Then will the difference between their respective 
chronometers be determined, and the difference between 
the former and the clock at A being already ascertained, 
the difference between the clock A and chronometer E is 
therefore known This, however, supposes that the inter 
mediate chronometer 0 has kept true sidereal time, or at 
least a known rate in the interval betweeu the signals. 
Now this interval is purp<»ely made so very short that no 
instrument of any pretensions to character can possibly pro 
duce an appreciable amount of error in its lapse by de\ i 
aUons from its usual rate Thus the time propagated from 
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A to C may be considered as handed o\er, without gam or 
loss (save from erro” of obscrratioo), to E Similarly, by 
the signal made at F, and observed at E and Z, the time 
so tiansmitied to E is forwarded on to Z, and thus at length 
the clocks at A and Z are compared The process may be 
repeated as often as is necessary to destroy error by a mean 
of results, and when the hoe of stations is numerous, by 
keeping up a succession of signals, so as to allow each 
observer to note alternately those on either side, which is 
easily pre arranged, many compansons may be kept running 
along the line at once, by which time is saved, and other 
advantages obtained '* In important eases the process is 
usually repeated on several nights in succession 

(265 ) In place of artificial signals, natural ones, wheu 
they occur euillciently definite for observation, may be 
e<|aally employed In a clear night the number of those 
singular meteors, called shooting stars, which may be ob 
served, is often very great, especially on the 9th and lOlh 
of August, and some other days, as November 12 and 18 , 
and as they are sudden in their appearance and disappear 
auce, and fiom \be gieav height at which they have been 
ascertained to take place are visible over extensive regions 
of the earth’s surfsce, there is no doubt that they may be 
resorted to with advanti^e by previous concert and agree 
ment between distant observers to watch and note them '* 


" For s complete account of this method and t) e mode of dedne ng ihe 
tnoet adrantageoua result from a cozoWoauon of all Ihe obserrations see a paper 
on the d Serence of longfitudee of OieeoTrich and Tar s Fh I Trans 1826 bj 
the A ith r of Ih s volume 

I* Th s idea vaa flrat suggested the late Dr Uaslceljne to whom how 
ever the pract call/ useful (act of the r period a recurrence was unknown Ur 
Cooper has thus emplojed the meteors of the lOih and 12(b Au^st, 1847 lo 
determine the d Berence of longitodes of Uarkreo and Monnt Ea^Ie in Ireland 
Those of the same epoch hare also been naod in Germanj for aacertamm^ the 
kmgiiadee of aeveral stadona and with verj eat afactor;^ resnlta 
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Those saddea dtsturbancca of the magnetic needle, to which 
the name of magoetio shocks has been given, have been sat* 
isfactonly ascertained to be, very often at least simni bane* 
ona over whole continents and in some, perhaps, over the 
whole globe These if observed at magnetic observatones 
with precise attention to astronomical time may become the 
means of determining their differences of longitude with 
more precision, possibly, than by any other method, if a 
sufficient number of remarkable shocks be observed to as 
certain their identity about which the intervals of time be 
tween their occurrence (exactly alike at both stations) will 
leave no doubt 

(266 ) Another species of natural signal visible at once 
over a whole terrestnai hemisphere is afforded by the 
eclipses of Jupiter s satellites of which we shall speak 
more at large when we come to treat of those bodies. 
Every such eclipse is an evei^ which possesses one great 
adv-int-ige id its applicability to the purpose in question, 
VIZ that the time of its happeniog at any fixed station, 
such as Greenwich can be predicted from a long course 
of previous recorded observation and calculation thereon 
founded and that this prediction is sufficiently precise and 
certain to stand in the place of a corresponding observa 
tion So that an observer at any other station Wherever, 
who shall have observed one or more of these eclipses and 
nscertained his local time instead of waiting for t coramu 
nication with Greenwich to inform him at what moment the 
eclipse took place there may use the pred cted Gieenwich 
ti ne instead and thence at once and on the spot deter 
mine hi3 longitude This mode of ascertain ng longitudes 
is 1 owever ns will hereafter appear not susceptible of 
great exactness and should only be resorted to when others 
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cannot to had The nature ot the observation also is such 
that it cannot be made at sea,'* ro that, howcicr uscfol to 
the geographer, it is of no advantage to navigation 

f267 ) Bat sach phenomena as these are of only occa 
Bionul occurrence, and in their intervals, and when cut off 
from af commanication with any fixed station, it is indis 
pcdsablc to possess some means of determining longitodcs, 
on which not onl^ the geographer may rely for a knowledge 
of the exact position of important stations on land m remote 
regions, bat on which the naiigator can securely stake, at 
eiery instant of bis adienturoos course, the lives of himself 
and comrades, the interests of his country, and the fortunes 
of his eraplojer* Sach a method is afforded by Lukab Od 
BERVAT iove Though we have not yet introduced the 
reader to the pbonomcoa of the moon s motion, this will 
not prevent as from giving hero the exposition of the pnn 
ciple of the laoar method, on the contrary, it will be highly 
advantageous to do so, smeo by this coarse wo shall hate to 
deal with the naked principle apart from all the peculiar 
sources of difficulty with which the lunar theory la enoum 
bered but which are, in fact completely extraneous to the 
principle of its application to the problem of the longitudes, 
which IS quite elemeutary 

(268 ) If there were in the heavens a clock furnished with 
a dial plate and bands which always marked Greenwich 


To mccomp] ah. thia u atlU a deaideraluai. Obaemne chalra auspooded 
wi b Btud 0 t precauilon lor Inauriog freedom of motion haro been rcaortod 
to under the ts d hope of m UgstlDg tl a affect of the ab p a oac llation The 
oppoa la course aeeiua more prom aio^ v z to merel) deaden the mot on by 
a aomewbat el S auapcnelon (aa by » coaraa end rough cable) and by fr ctlon 
Btrmgs attached to we ghta runn np Ibroogh loopa foot puUoya) fixed in the 
woodwork of the TPtsel At lease aneh mesna hare beeu fo nd by tl o a ti or 
ni a ngular efficacy n ncrcas ng peiaonal comfort in the auspena on of a COL 
(V de Journal of the <100 ety of Arl% Jannaiy 4 18C1 ] 
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time, tlio longitude of nnr ntntinn would bo ot once deter 
mined, «oon m the tocal Utne wm known, b) comparing 
It vrilli till# clock Now, tbo ofilces of the dnl plnle and 
Immlj< of n clock nre tbe^o — tlio tormcr carries a «et o' 
marks it, w|io« poRition is known; tho latte-, pjr 

pacing o\er and among these marks, informs us uy tie 
place U holds with respect to them what it i? o'clock* or 
what lime has elapsed since a certain moment when jl stood 
at one particular spot 

(200) In a clock the marks on tho dial plate arc uni 
fomiJy distribute 1 all around the elrcumfcrooco of a circle, 
whose centre la tlint on which the hands rev ol\ c with a uni 
form motion lint it is clear that we should, with equal 
certainty, tliotigh with much more trouble, toll what o’clock 
it were if tho marks on tho dial plate were unequally dis 
tributed^if tlio hands wore excentne, and their motion not 
uniform— provided we knew, Int the exact interials round 
tho circle at which the hour and minute marks were placed, 
which would bo tlio caso it wo had them all registered in a 
table, from tho results of previous careful measurement — 
2illy, if wo knew tho exact amount and directiou of excen 
tncity of tho centre of motion of tho hands, — and, 8dly, if 
wo were fully acquainted with all tho mechanism which put 
• the hands jo motion, so as to be able to say ot every instant 
what were their velocity of movement and so ns to be able 
to calculate, without fear of error, now much ttme should 
correspond to so Muen ani^ular motemeut 

(270 ) Tho visible surface ot the starry heavens is the 
dial plate of our clock, the stars are the fixed marks dis 
tributcd around Jta circuit, the moon is the movable hand, 
which, with a motion that, snperQcially considered seems 
uniform, but which, when carefully examined, is found to 
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be far otberwue, and which, regulated by mechanical laws 
of astoniahing complexity and intricacy in result, thoagh 
beautifully simple in principle and design, performs a 
monthly cironit among them, passing visibly over and 
biding, or, as it is called, occulting some, and gliding 
beside and between others, and whose position among 
them can, at any moment when it is visible, be exactly 
measured by the help of a sextant, just as we might mens 
ure the place of our clock hand among the marks on its 
dial plate with a pair of compasses, and thence, from the 
known and calculated laws of ila motion, deduce the time 
That the moon does so move among the stars, while the lat 
ter hold constantly, with respect to each other, the same 
relative position, the notice of a few nights, or even bouts, 
will satisfy the commencing stodent, and this is all that at 
present we require 

(271 ) There is ouly one circumstance wanting to make 
our analogy complete Suppose the bands of our clock, in 
stead of moving quite close to the dial plate, were consider 
ably elevated above, or distant in front of it Unless, then, 
in viewing it, we kept our eye just in the line of their cen 
tre, we should not see them exactly thrown or prt^ected upon 
their proper places on the dial And if we were either un 
aware of this cause of optical change of place, this parallax 
—or negligent in not taking it into account — we might make 
great mistakes in reading the tune, by referring the hand to 
the wrong mark, or incorrectly appreciating its distance 
from the right Ou the other baud, i£ we took care to note, 
in every case when we had occasion to observe the time, the 
exact position of the eye, there would be no di^oulty in 
ascertaining and allowing for the precise influence of this 
cause of apparent displacement Kow, this is just what 
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obtains with the apparent motion of the moon among the 
stars The former (as will appear) is comparatively near to 
the earth — the latter immensely distant, and in conseqncDce 
of our not occupying the centre of the earth, but being car 
ned about on its surface, and con'^tanlly changing place, 
there arises a paraffaa:, which displaces the moon apparently 
among the stars, and must bo allowed for before wo can tell 
the true place she would occupy if seen from the centre 
(272 ) Such a clock as wo have described might, no 
doubt le considered a very bad one, but if it were our 
only one, and if incalculable interests were at stake on a 
^rfect knowledge of time iro should justly regard it os 
most precious and think no pains ill bestowed in studying 
the laws of its movements or in facilitating the means of 
reodiny it correctly Such in the parallel we are drawing, 
IS the lunar theory, whose object la to reduce to regularity, 
the indications of this strangely irregular going clock to 
enable us to predict long beforehand, and with absolute 
certainty wJereabouU among the stars, at every hour mia 
ute and second, in every day of every year, in Greenwich 
local time, the moon would be seen from the earth s centre, 
and will be seen from every accessible point of its surface, 
and such is the Zonar method of longitudes The moon a 
apparent angular distance from all those principal and con 
spicuous stars which lie in its course as seen from the 
earth a centre, are compnted and Mbulated with the utmost 
care and precision in nlmanacH published under oationai 
control No sooner does an observer, m any part of the 
globe, at sea or on land measure its actual distance from 
any one of those standard stars (whose places in the heavens 
have "been aacettainsd ior tb© purpose noth the most anx 
lous solicitude) than he has, in fact, performed that com 
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pansoD ol his local time with the local times of overj ob 
senatory m the world, which eoablca him to ascertain his 
diilcrcncc of longitude from one or all of thorn 

(278 ) The latitudes and longitudes of any number of 
points on the earth's surface may be ascertained by the 
methods above described, and by thus laying down a suffi* 
cient number of principal points, and filling in tbo interme 
diate spaces by local survoys, might maps of countnes be 
constructed In practice, however, it is found simpler and 
easier to divide each particular nation into a series of great 
triangles, the angles of which are stations conspicuously 
visible from each other Of these triangles, the onjles only 
arc measured by means of the theodolite, with the exception 
of one aide only of one triangle, which is called a baae, and 
which is measured with every refinement which ingenuity 
can devise or expense command This baae is of moderate 
extent, rarely surpassing six or seven miles, and purposely 
selected in a perfectly bonzootal plane, otherwise conven 
lently adapted to the puepoaea of meaBuremeot. Its length 
between its two extreme points (which are dots on plates of 
gold or platina let into massive biockB of stone and which 
are, or at least ought to be, in all cases preserved with almost 
religious care, as monumental records of the highest impor 
tance) is then measured with every precaution to insure 
precision,” and its position with respect to the mendian, as 
well as the geographical positions of its extremities, care 
fully ascertained 

(274 ) The annexed figure represents such a chain of 
triangles A B is the base, O, O, stations visible from 


<> Tho j>os3\1U error In the Irish base oi between levcn and e ght 

Ri near Londonderrf la supposed not to exceed (wo met es 
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obtains with tho apparent motion of tho moon among the 
stare Tbo former (as will appear) is comparativoly near to 
the earth — tho latter immcnseljr <listant, and in conscqaenco 
of our not occupying the centre of tho earth, but being car 
ricd about on its surface, and con-'tantly changing place, 
there arises a parallax, which displaces tho moon apparently 
among the stare, and must bo allowed for before wo can tell 
tho true place she would occupy tf seen from the centre 
(272 ) Such a clock as we bare described might, no 
doubt, bo considered a \cr 3 bad one, but if it were our 
only one, and if incalculable interests were at stake on a 
■perfect knowledge of time, we should justly regard it as 
most precious, and think no pains ill bestowed in studying 
tho laws of Its movements, or in facilitating the means of 
readiny it correctly Such, m the parallel wo are drawing, 
IS the lunar theory, whose object is to reduce to regularity, 
the indications of this strangely irregular going clock, to 
enable us to predict, long beforehand, and with absolute 
certainty, whereabout among the stars, at every hour, ram 
ute, and second, m every day of every year, in Greenwich 
focal tiaie, thotaooa tsonk/bes&en Irom tke earth's eeotre, 
and will be seen from every accessible point of its surface, 
and such is the lunar method of longitudes The moon's 
apparent angular distance from all those principal and con 
spicuous stars which lie in its coarse, as seen from the 
earth’s centre, are computed and tabulated with the utmost 
care and precision m almanacs published under national 
control No sooner does an observer, in any part of the 
globe, at sea or on land, measure its actual distance from 
any one of those eiamfarii stars (whose places in the heavens 
have been ascertained for the purpose with the most ans 
lous solicitude), than ho has, m fact, performed that com 
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panson o£ his local time with the local times o£ every ob- 
servatory in the worM, which enables him to ascertain his 
difference of longitude from one or oil of them 

(278 ) The latitudes and longitudes of any number of 
points on the earth's surfaeo may be ascertained by the 
methods above described, and by thus laying down a suffi- 
cient number of principal points, and filling in the interme 
diate spaces by local sarveys, might maps of countries be 
constructed In practice, however, it is found simpler and 
easier to divide each particular nation into a series of great 
triangles, the angles of which are stations conspicuously 
visible from each other Of these triangles, the angles only 
are measured by means of the tkeodoUte, with the exception 
of one atde only of one triangle, which is called a "base, and 
which IS measured with every refinement which ingenuity 
csu devise or expense command This late is of moderate 
extent, rarely surpassing six or seven miles and purposely 
selected m a perfectly horizontal plane otherwise convcn 
lenlly adapted to the purposes of measarement Its length 
between its two extreme points (which ire dots on plates of 
gold or platma let into massive blocks of stone, and which 
are or at least ought to be, in all cases preserved with almost 
religions care, as monumental records of the highest impor 
tance) is then measured with every precaution to insure 
precision," and its position with respect to the meridian, as 
well as the geographical positions of its extremities, care 
fully ascertained 

(274) The annexed figure represents such a chain of 
triangles A B is the base O, O, stations visible from 


** Tho greatest error i the Irish hose of between eeren and eight 

wiles Bear lioadoadetry (s suppesedaot to exceed two inches 
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both its extremities (one ol yrhich, 0, we will suppose to 
be a national obseryatoiy, with which it is a principal ob- 
ject that the base should be as closely and immediately 
connected as possible), and D, E, F, G-, H, K, other sta 
tioas, remsckablG points in the country, by whose ooanec 
tion Its whole surface may be covered, as it were, with a 
network of triangles l?ow, it is evident that the angles 
of the triangle A, B, C being observed, and one of its sides, 
A B, measured, the other two sides, A 0, B C, may be 
calculated by the rules of trigonometry, and thus each of 



the sides A C and B 0 becomes in its turn a base capable 
of being employed as known sides of other triangles For 
instance, the angles of the triangles A C Q- and B C F being 
known by observation, and their sides A C and B O, we 
can thence calculate the lengths A (}, C G-, and B F, C F. 
Again, C G and C F being known, and the incloded angle 
G 0 P G F may be calculated, and so on Thus inaj all 
the stations be accurately determined and laid down, and 
ns this process may be earned on to any extent, a map 
of the whole country may be thus constructed, and dlJed 
in to any degree of detail we please 

(276 ) Now, on this process there are two important re- 
marks to bo made Tfie first is that it is necessary to bo 
careful in the selection of stations so as to form triangles 
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free from an\ tcry greit inequality m their angles For 
instancOi the triangle K B P would be a very improper one 
to determine the situation of 1* from observations at B and K, 
because the angle F being very acute, a small error in the 
angle K would produce a great one m the place of F upon 
the line B F Such iK condi/io««f triangles, therefore, must 
be* avoided But if this be attended to, the accuracy of the 
determination of the calculated sides will not be ranch short 
of that which would be obtained by actual measurement 
(were it practicable), and, therefore, as we recede from the 
base on all sides as a centre, it will speedily become prac 
ticable to use as hates the sides of much larger triangles, 
such as G F, G n H K etc , by which means the nest 
step of the operation will come to bo earned on on a much 
larger scale, and embrace far greater intervals, than it would 
have been safe to do (for the above rca<)ou) m the immediate 
neighborhood of the base Thus it becomes easy to divide 
the whole face of a country into great triangles of from 30 
to 100 miles in their sides (according to the nature of the 
ground), which, being once well determined may be after 
ward by a second senes oi subordinate operations, broken 
up mto smaller ones, and these again into others of a still 
minuter order, till the final filling m la brought within the 
limits of personal survey and draughtsmausbip, and till a 
map IS constructed with any required degree of detail 

(276 ) The next remark wo have to make is, that all the 
triangles m question are not, rigorously speaking, plane, 
but spherical — existing on the surface of a sphere, or rather, 
to speak correctly, of an ellipsoid In very small triangles 
ot aix. or seven miles m the aide^ this may he ne^eetecL, aa 
the dxfierence is imperceptible, but m the larger ones it 
must be taken into consideration It is evident that, as 
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c^er^ object nsod for pointing Uic iclcscopo of o theotlolito 
has some certain effuitiox not onl^ nbu\ o the «Qif, but nbo^o 
the lc^cl of the sta, anil ns tnortuver, tlitsc oloiations differ 
in ever) instance, a reduction to (he honton of all the mens 
urod angles ^\ou!d appear to bo rcquirnl But in fact by 
the construction of the thcololito (art 102) tthich is noth 
iDg more than an altitude and azimuth instrument this ro 
duction 18 made in the verj act of reading off tho konzoaUti 
angles Let E he the centre of the earth A, B 0 the 
plarcs on Its ^pAcrieaf tur/ace to which three stations, A, P 
Q in a country are rcfiirtfl by mdii E A, £ B P, E 0 Q 
If a theodolite bo atationcd at A the 
axis of Its horizontal circlo will point 
to E whoa truly adjusted and its plane 
Will be a tangent to the sphere at A, 
iQtorsccting the mdn EBP E 0 Q, 
at M and o6ote the spherical sur 
face The telescope of the theodolite, 

It IS true IS pointed in socccasion to 
P and Q but the readings oS of its 
azimuth circle give — not the angle 
P A Q between the directioos of the telescope or between 
the objects P Q as seen from A but the aztmudal angla 
If A N which 18 the measure of the angle A of the spherical 
triangle B A C Bence arises this remarkable circumstance 
— that the sum of the three observed angles of any of the great 
triangles la gcodesical operations is always found to be rather 
more than ISO® Were tho earth s surface a plane it ought to 
be esactly 180® and this earcess which la called the spherical 
excess is so far from being a proof of incorrectness in the 
trorlc, that it is essential to its aocoracy, aud oSois at ib& 
same time another palpable proof of the earth s sphericity 
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(277.) The true ^ay, then, o£ conceivjng the Bubjcct o£ 
a trigonometrical survey, when the spherical form of the 
earth is taken into consideration, is to regard the network 
of triangles with which the country is covered, as the bases 
of an assemblage of pyramids converging to the centre of 
the earth. The theodolite gives us the true measures of the 
angles included hy (he planes of these pyramids ; lyid the sur- 
face of an imaginary sphere on the level of the sea intersects 
them in an assemblage of spherical triangles, above whose 
angles, in the radii prolonged, the real stations of observa- 
tion are raised, by the superllcial inequalities of mountain 
and valley- The operose calcnlalions of spherical trigo- 
nometry which this consideration would seem to render nec- 
essary Cor the reductions of a survey, are dispensed with in 
practice by a very simple and easy rule, called the rule for 
spherical excess, which is to be found in most works on 
tngonometry. If we would take into account the ellipticitj 
of the earth, it may also be done by appropriate processes 
of calculation, which, however, are too abstruse to dwell 
upon in a work like the present. 

(278.) "Whatever process of calculation we adopt, the 
result will be a redaction to the level of the sea, of 
all the triangles, and the consequent determination of 
the geographical latitude and longitude of every statioo 
observed. Thus we are at length enabled to construct 
maps of countries, to lay down the ontlines of couti- 
neats and islands; the conraes of nvers; the places of 
cities, towns and villages; the direction of mountain 
ridges, and the places of their principal snmmits; and all 
those details which, as they belong to physical and statis- 
tical, rather than to astronomical geography, we need not 
here dilate on. A few words, however, will be necessary 
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respecting maps, Nshicli are used as well m astronomy as 
in geography ' 

(270 ) A map is nothing more than a roprcscutation, 
upon n plane, of somo jwlion o( the surface of a sphere, 
on which are traced the particulars intended to bo expressed, 
whether they bo conttnuous outlines or points Now, as a 
spherical sarfacc** ean by no coatnraoco bo extoaded or 
projected into a jilano, without undue enlargement or con 
traction of some parts in proportion to others, and as the 
system adopted in so extending or projecting it will decide 
what parts shall bo enlarged or relative!) contracted, and 
m what proportions, it follows, that when largo portions 
of the sphere are to he mapped down, a great difference in 
their representations may subsist, according to the system 
of projection adopted 

(280 ) The projections chieB) used id maps, are the 
orlhographte, ster<o<jrapktc, and Hercator'g In the ortho 
graphic projection, every point of the hemisphere is referred 
to Its diametral plane or base, by a 
perpendicular let fall on it, so that the 
. representation of the hemisphere thus 
j mapped on its base, is such as would 
actually appear to an eye placed at 
an infinite distance frotn it It is obvious, from the an 
nexed figure, that in this projection only the central portions 
are represented of their true forma, while all the exterior is 
more and more distorted and crowded together as we ap 
proaob the edges of the map Owing to this cause, the 
orthographic projection, though very good for small por 
tions of the globe, is of little seance for large ones 
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(231.) The sl'^eo^rapJite projection is in great mca5iife 
free from this defect. To tindcrstaml this projection, wo 
roust conceive nn eye to be placed nl E, one extremity of 
a diameter, £ 0 B, of the 
sphere, and to view the con* 
cave surface of the sphere, 
every point ol which, aa P, ia 
referred to the diametral plane 
ABF, perpendicular to E B 
by the visual line P M E. The 
stcrcographic projection of a 
sphere, .then, is a true perspec* 
tiTo representation of its con- 
cavity on a diametral plane; and, as sneh, it possesses 
some singularly elegant geometrical properties, of which 
we shall state one or two of the principal 

(282.) And first, then, all circles on the sphere are rop* 
resented by circles in the projection Thus the circle X. is 
projected into x. Only great circles passing through the 
verier B are projected into straight lines traversing the 
centre Qi thws, E P A is piojected into C A. 

2dly. Every very small tnangle, G II K, on the sphere, 
is represented by a similar tnangle, ^ A I, in the projection. 
This is a very valuable property, as it insures a general 
similarity of appearance in the map to the reality in all its 
smaller parts, and enables us to project at least a hemt- 
spbere in a single map, without any violent distortion of 
the configurations on the surface from their real forma. As 
in the orthographic projection, the borders of the hemi- 
sphere are unduly crowded together; in the atereographic, 
their projected dimensions are, on the contrary, somewhat 
enlarged in receding from the centre. 
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(2S3 ) Botl) projectionA mn^ be considered nature? 
one*, innsmuch ns lliej arc rcallj pcrspcclne rcpreaenla 
tioDH of the Burfneo on n plane Merentor’a i8 enlirelj’ an 
artificial one, ropresoniing tfio Bpfioro as U cannot be seen 
from nn^ one point, but as it rnight bo seen bj an o^c car* 
ricd siicccasi\el)’ over cveri part of it In it, tbo degrees 
of fenjitiide, and those of Jatttudt, bear nhta^a to each otfier 
their dnu proportion tbo cqnator is conceived to be ex- 
tended out into a straight line, and the meridians arc straight 
lines at right angles to it as m the figure Altogether, the 
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general character ol maps on this projection la not very 
dissimilar to what ivonld bo pitxluced by referring o\ery 
point in tlio globe to a circumscnbing cylinder, by linw 
drawn from the centre, and then unrolling the cylinder into 
a plane Like the storeographie projection, it gives a true 
representation, oa to form, of every particular small part, 
but vanes greatly in point of scale in its diHerent regions, 
the polar portions m particular being extravagantly en- 
larged, and the whole map, even of a single hemisphere, 
not being compnsable witbm any finite limits 

(28S a) A very convenient projecUon, at once simple in 
principle, and remarkable for the facility with which places 
on the earth’s surface may bo laid down from a knowledge 
of their latitudes and longitndes, or stars from that of their 
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right ascensions anil polar distances; or read oH from Iho 
chart vrben projected, is one in which (the radius of a circle 
being divided into ninety eqna! parts, representing degrees 
of polar distance) parallels of lotltade or of declination aro 
expre<=«ed by concentric circle", described through each of 
the points of division, and circles of longitude or of dechnn* 
tion*nro represented by tho radii. In a planisphere con- 
strncted on this principle, the proportions of tho spaces 
occupied on the chart by equal areas diiTcrcntly situated, 
are better preserved than in any of those already described, 
and with an amount of distortion of shape, on the whole, as 
little offensive os the nature of a planisphere chart allows. 
This pTojcclion (as does also one tcccnlly proposed by Sir 
H< James, which takes in two*tbirds of the sphere) admits 
of being extended considerably beyond a hemisphere, with* 
out producing a very intolerable distortion. 

(2S3 b.) The following projection, m which equal arena 
on the projection correspond precisely to equal areas on the 
spherical surface projected, is also occasionally employed.** 

Take out, upon any scale, from a table of natural sines, 
the sines of 80', 3®, ... up to 45®, and from any centre 

with these aa radii describe circles. These will represent 
the projections of small circles of the sphere about a pole, 
whose projection is their common centre, having the re- 
spective polar distances 1®, 2®, 3®, . 90®. 

(284.) "We shall not, of course, enter here into any geo- 
graphical details; but one result of maritime discovery on 
the great scale is, so to speak, massive enough to call for 
mention as an astronomical feature. When the continents 

** See ‘‘UeetiltB of AEtronmcIesI Ob8erTatl<K]ii at the Cape of Good Hope,” 
by the Aalhor, Piste XI , where this projectioa Is used to exhibit the law of 
dislnbulion of the Xebulx 

ASTBOtOMT— »Vot. XIX— -11 
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find Bens nro laid down on a globe (anfl since the dJ8Cove;7 
of Australia and the recent addition to our antarctic knowl 
edge of Victoria Land bj Sir J 0 Ro'w, we arc sure that 
no %ery cxicnsi\o tracts of land remain unknown) wc find 
that it 13 possible so to divide the globe into two berm 
spheres, that one shall contain nearly all the land, t!ie other 
being almost entirely sea It is a fact, not a little interest 
mg to Englishmen, and, combined with our insular station 
m that great highway of nations, the Atlantic, not a little 
explanatory of our commercial cminonco, that London** oc 
cupics nearly the centre of the terrestrial hemisphere As* 
tronomically speaking, the fact of this divisibility of the 
globe into an oceanic and n terrestrial hemisphere is impor 
taut, as demonstrative of a want of absolute equality in the 
density of the solid material of the two hemispheres Con 
sidenng the whole mass of land and water as m a state of 
equtUlrtum, it is evident that the half which protrudes must 
of necessity be buoi/ant, not, of course, that we mean to as 
sert it to bo lighter than water, but, as compared with the 
whole globe, in a lees degree heavter than that fluid TVe 
leave to geologists to draw from these premises their own 
conclusions (and we think them obvious enough) as to the 
internal constitution of the globe, and the immediate nature 
of the forces which sustain its continents at their actual ele 
vation, but m any future investigations which may have 
for their object to explain the local deviations of the inten 


• More exactlj Velnioutb Tbateotr*! potat of the hem sphere wb eh con 
ta ns the max mum of Isnd falls tstj neaHj u eed upon th s port The Isnd 
in the opposite hem sphere, with excepbon of the tsper ng extremity of South 
Ajncnca snd the sleuder peulnsuln of Ualscce s erl 0 II 7 Ineulsr sod were It 
not for ^DstTslis, would be qu le iiw gn Scent }q smount. This luteresiing 
feature of geography was Brst not eed 1^ (Msoa (Pb L Tr xzxlx p 210) A 
pa r of plaolxpheres for the bonzos of Xiondao h^ been published by Hughes 

(London 1B39) 
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8itj o£ gravity, from what the hypothesis of an oxact olliptio 
figure would require, this, os a general fact, ought not to be 
lost sight of 

(235) Our knowledge of the sarface of oar globe is in 
complete, unless it inclndo the heights above the sea level 
of every part of the land, and the depression of the bed of 
the ocean below the surface over oU its extent The latter 
object IS attainable (with whatever difficulty and howsoever 
slowly) by direct sounding the former by two distinct 
methods the one consisting m tngonomctrical measure 
ment of the differences of level of all the stations of a snr 
vey, the other, by the nse of the barometer, the principle 
of which IS, in fact, identical with that of the sounding line 
In both cases we measure the distance of the point whose 
level we would know from the surface of an equilibrated 
ocean, only lu the one case it is an ocean of water, in the 
other, of air In the one case our sounding hue is real and 
tangible, in the other, an imi^nary one measured by the 
length of the column of quicksilver the sapenneumbent air 
is capable of counterbalancing 

(286 ) Suppose that instead of air, the earth and ocean 
were coi ered with oil and that human life could subsist 
under such circumstances Let A B C D E be a continent, 



of which the portion ABC projects aboi e the water, but is 
covered bj the oil which also floats at a uoiforin depth on 
the whole ocean Then if we would know the depth of any 
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point D below the sea level, wo let down a plummet from F, 
But, if we would know the height of B above the same level, 
wo have only to send up a float from B to the surface of the 
ojI; find having done the same at 0, a point at the sea level, 
the (ItJJerence of the two float lines gives the height in guestion. 

(287.) Now, though the atmosphere differs from oil in 
not having a positive surface equally definite, and in aot 
being capable of carrying up any float adequate to such a 
use, yet it possesses all the properties of a fluid really essen- 
tial to the purpose in view, and this in particular — that, 
over the whole surface of tho globe, its strata ofegual density 
supposed m a state of equilibrium, are parallel to the sur- 
face of equilibrium, or to what toouhl he tho surface of the 
sea, if prolonged under the eonUnenis, and therefore each or 
any of them has all tho characters of a definite surface to 
measure from, provided it can be ascertained and identified. 
Now, the height at which, at any station B, the merouiy in 
a barometer is supported, informs us at once how much of 
the atmosphere is incumbent on B, or, m other words, t» 
tohat stratum of the general atmosphere (indicated by its 
density) B is situated: whence we are enabled finally to con- 
clude, by mechanical reasomng,** at what height above the 
sea level that degree of denstlg is to he found oi er the whole 
surface of the globe. Such is the principle of the applica- 
tion of the barometer to the measurement of heights For 
details, the reader is referred to other works ” 

(288 ) We will content ourselves here with a general 
caution against an implicit dependence on barometric meas- 

” Newton’s Prmcip « Prop SS 

’• Biot ABtronomie Physique Tol ni For tables, see tho work of Biot 
cifmi Alsa Uwsea oC OUjasao. wuMaUy by the French board ol Uingl 

tudas m their Annuaire , and Mr Bally’s CiUlectlon of Astronomical Tables and 
PormulsB See also Eacyc. Bnt , “Meteorology,” § 34 
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tircments, except as a diilerenttal process, at stations not too 
reinoto from each other They rely in their application on 
the nsstunptioQ of a state of eqnilibnam in the atmospheno 
strata orcr tho whole globe — which is very far from being 
their actoal state (art 87). Winds, especially steady and 
general currents sweeping over extensive continents tin 
doubtedly tend to prodoco some degree of conformity in 
the curvature of these strata to tho general form of tho land 
surface, and therefore to give an undue elevation to the 
mercurnl column at some points On tho other hand, the 
existence of localities on the earth’s surface, where a per 
inanenl depression of the barometer prevails to the sstoniah 
mg extent of nearly an inch, has been clearly proved by the 
observations of Ermann lo Siberia and of Ross in the Ant 
arctic Seas, and is probably a result of the same cause, and 
maybe conceived as complementary to an undue habitual 
eleiation in other regions The mode in winch both clc\a 
tions and depressions of a permanent character may be 
maintamed m the surface of a Quid in motion will uot be 
enigmatical to any one wbo contemplates the ripple caused 
by a pebble in a brook 

(289 ) Possessed of a knowledge of the heights of stations 
a\) 0 % c the sea we may connect all stations at the same alti 
tude by level lines, the lowest of which will be the outline 
of the sea coast and the rest wiU marl out the successive 
coast lines which would take place were the eea to riee by 
regular and equal aece'S'uons of level over the whole world, 
till the highest mountains were submerged The bottoms 
of vallcjs and the ridge lines of lulls are determined by 
their property of lutersccting all these level lines at right 
angles, and hemg subject to that condition the shortest 
and longest that is to say, the steepest, and the most gently 
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8dly, 'Th&t &II the observations can be made sjstematicall;, 
in regular succession, ond with equal advantages, there 
being hero no question about advantageous or disadranta 
geous tnnngles, otc And, lastl 3 r, That, by adopting this 
course tho very quantities which wo should otherwise have 
to calculate by long and tedious operations of spherical 
trigonometry, and which arc essential to the formation of 
a catalogue, are made the objects of immediate measure 
ment It is almost needless to state, then, that this is the 
course adopted by astronomers 

(203 ) To determine the right ascension of a celestial 
object all that is neccs«ary is to observe tho moment of 
Its mendian passage witii a transil instrament, by a clock 
regulated to exact sidereal time or reduced to such by ap 
plying its known error and rate The rate may be obtained 
by repeated observations of tho same star at its «ucces«ne 
mendiaa passages The err^r however, requires a knowl 
edge of the equtnox or imtia) point from which all right 
ascensions jn the heavens reckon as longitudes do on the 
earth from a drat meridian 

(294 ) The nature of this point will be explained pres 
ently but for the purposes of uranography, in so far as 
they concern only the actual coufigurations of the stars 
inter se a knowledge of the equinox is not necessary The 
choice of the equinox as a zero point of right ascensions is 
purely artificial and n matter of oonvenipnce As on the 
earth any station (as a national observatory) may be chosen 
for an origin of longitudes so in uranography my con 
spiGuous star might be selected as an initiil point from 
which hour angles mig) t be reckoned and from which by 
merely observing di^ercnois or mtertals ol time the sittra 
t on of all others might be deduced In practice these in 
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tenala arc aflccted by certain minnto cansca of ineqaality, 
Khicb mast be allowed for, and which will be explained 
in their proper places 

(295 ) The declinations of celestial objects are obtained, 
By observation of then mendian ofbtudss, with the mural 
or mendiin circle, or other proper instraments This re 
Quires a knowledge of the geographical latitude of the sta 
tion of observation, which itself is onl^ to be obtained by 
celestial observation 2dly, And more directly, by observa 
tion-of their polar dtalances on the mural circle, as explained 
in art 170, which is independent of any previous delcrmi 
nation of the latitude of tho station, neither, however, in 
this case, does observation give directly and immediately 
tho ezoct declinations The observations rcr^uiro to be cor 
rooted, first for refraction and moreover for those roinato 
causes of inequality which bare been just alluded to m the 
case of right ascensions 

(293 ) In this manner, then may the places, one among 
the other, of all celestial objects be ascertained, and maps 
and globes constmeted Now hero anses a very important 
question How far are these places permanent? Do these 
stars and tho greater luravnanes of heaven preserv o forever 
one invariable connection and relation of place tnler ee, as 
if they formed part of a solid though invisible firmament, 
and, like the great natural landmarks on the earth, pre 
serve immutably the same distances and hearings each from 
the other? If so, the most rational idea vve could form 
of the universe would be that of an earth at absolute rest 
in the centre, and a hollow crystalline sphere circulating 
round it, and carrying sun, moon and stars along in its 
dvacool. taotuio. It not we miist disnuaa all auclx 
and inquire individually into the distinct history of each 
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ulojnng courncfi rwpcctivelj vlitch can be purtQcd from the 
imtnnul to Ibo fca The former conetitule "tlio water 
cotin'cs” of a country', tho latter fta lines of “watershed ** 
bj winch it IB dtridcd into distinct basins of drainage. 
Thus originate natural distncU of the most ineffncesblo 
character, on which the dislnbotioo, limits, and pceohan 
tics of human communities are in great measure depenJent 
Tho mean height of the continent of Europe, or that height 
which Its surface would have wero all inequalities levelled 
and the mountains apread equally over the plains, is, accord 
ing to Humboldt, lSi2 English foot, that of Asia, 2274, d 
Horth America, 1496, and of South America, 2302 *' 


CHAPTER V 

or unAVoonArnY 

Conitructioa of CcI««U&l Uspn wid Globes bj ObsomUoss of It Aicoa 
•ioa <Ci<I Docllastloo— GeloollaJ Objoett pUUogfnUhoJ Into Fiiod >^<1 
I rr»llo— 01 U e CoRotollAtlono— NatunU TlrBlon* In ih# nwTfns— The 
Mllkj Waj—Tho Zodlai>-Ot tbo Fd rl'c— Celestial Latitudes snd 
liODpiodos— rtccessbo of iho F«inlnozes— N utoUoo— AbemtioD— Ile- 
frocl 00— raralUs-^umtosrjr V»ir of tbn Uronographlcal Corroctioos 

(290 ) Thf dctcrnuoation of the relative situations of 
objects in the heavens, and the construction of maps and 
globes which shall truly represent thoir mutcal configura 
tiona as well as of catalogues which shall preserve a more 
precise numerical record of the position of each, is a to'^k 
at once simpler and less laborious than that by which the 


WaaatT seMda tt o BeparaUon of tbe wntors 
" n tnboldt « numben are Uta balvea of tbeso but express cot the meM 
helgl ts of the mtrfaeea but tbo befgl to of the several ctntrtt o/ ot the 

coci nenul tnaasos above the sea tovel 
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surface of tlic earth la mapped and measured Every star 
in tbo great constellation which appears to reiohe above 
u&, constitutes, so to speak, a celestial station, and among 
these stations we may, as upon the earth, tnangolatc, by 
measuring with proper instruments their angular distances 
from each other, which, cleared of the effect of refraction, 
a(e then in a state for laying down on charts, as we would 
the towns and villages of a country nod this without moi 
ing from our place, at least for all the stars which nse aboic 
our horizon 

(291 ) Great exactness might, no donbt be attained by 
this means, and cxceUcnt cclectiat charts constructed, but 
there is a far simpler and easier and at the same time, in 
finitely more accurate course laid open to us if we take ad 
vantage of the earth s routioo on its axis and by observing 
each celestial object as it passes our mendian refer it sepa 
ratcly and independently to the celestial equator, and thus 
ascertain its place on the surface ol on imaginarj sphere 
which may be conceticd to rerohe with it and ou which it 
may be considered as projected 

(292 ) The right ascension and declination of a point m 
the heavens correspond to the longitude and latitude of a 
station on the earth, aud the place of a star ou a celestial 
sphere is determined when the former elements are known 
just as that of a town on a map by knowing the latter 
The great advantages which the method of meridian obser 
vation possesses over that of triaugulatton from star to star 
ire, then 1st, That in it every star is observed in that point 
of Its dmrnal course, when it is best seen and least dis 
placed by refraction 2dly That the instruments required 
(the transit and meridian circle) are the simplest and least 
liable to error or derangemeut of any used by astronomers 
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8d!;, Thiit nil the obsorraUons can bo made ejBtem&tically, 
in regular aaccciv^ion, and with equal advantages, tbero 
being hero no question about advantageous or disadvanta 
gcouB triangles, etc Ami, lastly, That, by adopting this 
course, the very quantities which wo should otherwiso have 
to cniculato b^ long and todions operations of spherical 
trigonometry, and which arc essential to the formation of 
a catalogue, nru made the objects of immedinto measure' 
moot It ts almost needless to state, then, that this is (he 
course adopted by astronomer* 

(293 ) To determine the right aAccnsion of a celestial 
object, all that is ncccB«ary is to observe the moment of 
its mendtan passage with a transit instrument, by a clock 
regulated to exact sidereal time, or reduced to such by ap 
plying Its known error and rate The rate may be obtained 
by repeated observations of the same star at its successive 
meridian pa8«iagc3 The error, however, requires a knowl 
edge of the eQuiuox or initial point from which all right 
ascensions in the heaicns reckon, as longitudes do on the 
earth from n first mendmn 

(2&1 ) The nature of this point will bo explained pres* 
cntly, but for the purposes of urinogrophy, in so far as 
they concern only the actual configurations of the stars 
inter ee, a knowledge of the equinox; is not necessary The 
choice of the equinox, as a aero point of right ascensions is 
purely artificial, and a matter of convenience As on the 
earth any station (as a national observatory) may be chosen 
for in origin of longitudes so in uranography, any con 
spicuous star might fa© selected as an mitnl point from 
which hour angles migl t be reckoned and from which by 
merely observing diffurertcea or tnUrtah of time, the situa 
tion of all others might be deduced In practice, these lo 
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tcrvftla aro affected bycertam minute cauaca of inequality, 
Khicb must be alloired for, and Vrbich will be explained 
in their proper places 

(293) The dechnatioua of celestial objects aro obtained, 
By obserration of tbeir meriJtan aUiiudea, with the mum! 
or mendiin circle, or other proper instruments This re 
quires a knowledge of the geographical latitude of the sta 
tion of obaerration, which itself is only to bo obtained by 
celestial ob3er\ation 2dly, And more directly, by obserra 
tion*of their polar distances on the mural circle, os explained 
in art 170, winch is independent of any previous dctermi 
nation of the latitude of the sLition, neither, however, in 
this case, docs observation give directly and immediately 
the e®Qct declinations The obscrvaiions require to be cor 
rccted, first for refraction and moreover for those miuuto 
cauics of inequality which have been just alluded to lu the 
case of right ascensions 

(296 ) In this manner, then, may the places, one among 
the other, of all celestial objects be ascertained, and maps 
and globes constracted Now hero anscs a very important 
question How far are these places permanent? Do these 
stars and the greater luminaries of heaven preserve forever 
one invariable connection and relation of place tn^ se, as 
if they formed part of a solid though invisible firmament, 
and like the great natural landmarks on the earth, pre 
serve immutably the same distances and bearings each from 
the other? If so, the most rational idea we conld form 
of the universe would be that of an earth at absolatc rest 
in the centre and a hollow crystalline sphere circulating 
round it, and carrying sun moon and stars along m its 
diurnal motion 't'i not we must hiamm afi aucti cottons, 
and mquue individually into the distinct history of eacb^ 
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object, with ft view to dtBcovenng the Inws of ita peooliar 
motions end whether ony nod what other connootioa eub« 
ei'ite between them 

(297 ) So far la this, however, from being the case, that 
ob3er\fttion8, oven of the most cntsoiy nature are aufficient 
to ahow that some, at least, of the celestial bodies, and those 
the most conspicuous, aro in a state of continual change of 
placo among the rest In the case of the moon, indeed, the 
change la so rapid and rcmarkabl4, that ita alteration of 
situation with respect to such bright stars as may happen 
to bo near it may bo noticed any fine night in a few hours, 
and it noticed on two successMo nights cannot fail to strike 
the moat careless observer With the son, too the change 
of plaoo among the stars is constant and raj id, tbongb, 
from the invisibility of stars to tbo naked e>e m the day 
time It is not so readily recognized and requires either the 
use of telescopes and angular instruments to measure it, or 
a longer continuance of observation to be struck with it 
Nevertheless it is only necessary to call to mind its greater 
mendnn altitude in summer than in winter and the fact 
that the stars which come into view at nigJjt (and which 
are therefore situated in \ hemisphere opposite to that oc 
cupied by the sun and having that luminary for its centre) 
vary with the season of the year to perceive that a great 
change must have taken place in that interval m its relative 
situation with respect to all the stars Besides the sun and 
moon too there are several other bodies called planets, 
which for the most part appear to the naked eye only as 
the largest and most brilliant stars and w5 ich offer the 
same phenomenon of a constant change of place among the 
stars now approaching anl now reced ng from such of 
them as we may refer them to os marks and some in 
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longer, pome in sliorler periods, making, like the pon and 
moon, the complete toar of tho heavens. 

(293.) These, however, are exceptions to the general 
mlc. The innomerahle multitode of the stars which arc 
distribated over the vaalt of the heavens form a conslel* 
lation, which preserves, not only to tho cyo of the casual 
observer, bat to the nice examination of the astronomer, a 
uniformity of aspect which, when contrasted with tho per* 
petnal change in the configurations of tho sun, moon and 
planets, may well be termed invariable. It is true, indeed, 
that, by the lefincment of exact measurements prosecuted 
from age to age, some small ebaages of apparent place, at* 
tribatable to no illaaton and to no tcrrcairtal cause, have 
hecn detected m many of them. Such are called, in as- 
tronomy, the proper motions of the stars But these are 
BO excessively Blow, that their accumulated amount (even 
in those stars for which they arc greatest) has been insuffi- 
cient, in the whole dorotioo of astronomical history, to pro- 
duce any obvious or material alteration in the appearance 
of tho starry heavens. 

(299.) This circumstance, then, establishes a broad dis- 
tinctioa of the heavenly bodies into two great classes;— 
the fixed, among which (unless m a coarse of observations 
continued for many years) no change of mutual situation 
can be detected; and the erratic, or wandering — (which is 
implied in the word planet*) — inclading the sun, moon and 
planets, as well as the singular class of bodies termed com- 
ets, in whose apparent places among the stars, and among 
each other, the observation of a few days, or even hours, 
is sofficleut to exhibit an indtspntable alteration. 
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(300) TJnnogrnj)lj_j, tliLft, i** it concern*? tbo fixed celes 
tial lioiltcs (or, os tliej aro usually called, tlie Jixed efars), 
18 reduced to a simple marking down ol tlicir rclatiie places 
On a globo or on maps, to tlio insertion on tliat globe, in 
its duo place in tiio great consteUation of the stars, of the 
pole ot tl i heatens, or llio aanishiog point of parallels to 
the earth s axis and of the equator and place of the eqm 
nox points and circles those, which, thongli artificial and 
lift! ing reference entirely to our earth and therefore subject 
to all changes (if any) to which the earth's axis may be ha 
ble are yet Ro coiuenicnt m practice, that tlio} have ob 
tamed an admission (with some other circles and lines), 
sanctioned by usage, in all globes and planispheres The 
reader howc\ er, will take care to keep them separate in his 
mind and to familiarize himself with the idea rather of tico 
or^tnoro celestial globes, supeqioscd and fitting on each 
other, oil one of winch — a real one — are inscribed the stars 
on the others those imaginary points lines and circles, 
which astronomers have devised for their own uses, and 
to aid their calculations, and to accustom himself to con 
ceive ID the latter or artificial spheres a capability of being 
shifted in any manner upon the surface of the other, so 
that, should experience demonstrate (as it does) that these 
artificial points "ind lines are brought by a alow motion of 
the earth s axis, or by olbei eecular variations (as they are 
called) to coincide, at very disbint intervals of time, with 
different st'irs he may not be unprepared for the change, 
and may have no confusion to correct in hia notions 

(301 ) Of course we do not here speak of those uncouth 
figures and outlines of men and monsters, which are usually 
scribbled over celeatii! globes and maps and serve, in a 
rude and barbarous way, to enable us to talk of groups of 
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slaM, or districts m tlie Uca\eD3, bj names which, though 
absurd or poenlc in their origin, hive obtained a currency 
from which it would be difllcolt to dislodge them In so 
far as they ha\o reall) (ns some have) any shglit rcsem 
blance to the figures called up m imagination by a view 
of the more splendid “constclintione," they ha\c a certain 
comemence, but as they are otherwise entirely arbitrar}, 
and correspond to no natural subdivisions or groupings 
of the stars, astronomers treat them lightly, or altogether 
disregard them* except for briefly tutminy rcmarLable stars, 
as a Leonis, p Scorpii, etc , b^ letters of the Greek alphabet 
attached to them The reader will find them on any celes 
tial charts or globes, and may compare them with the 
beatens, and there learn for himself their position 

(802) There arc not wanting however, iiatural districts 
in the heavens, which offer great peculiarities of character, 
and strike eicry observer such is the tnifAy tcay, that great 
laminous band, which stretches, every evening, all across 
the sky, Ironi borizou to horizon, and which, when traced 
with diligence, and mapped down, is found to form a zone 
completely encircling (he xchole ephere, almost in a greot 
circle, which is neither an hour circle, nor coincident with 
any other of our astronomical grammata It is divided in 
one part of its course, sending off a kind of branch, which 
nmtes again with the mam body after remaining distinct 
for about 150 degrees, within which it BofTcrs an inteVmp 
tion in its continuity This remarkable belt has mam 


* Tb « dsrepard U Dsilber auperclo s nor ean«clc8a. The constcllAt ona 
aecio to hava b^a aliDOxt purpoaeij nanicd and delineated to cauio as mueb 
coafu9 on and iDcooven enemas t<*s*tbte lonumerabla saskes twine thro |;b 
loos and contorted areas of the bearena where no memory can follow them 
bears 1 ons aa'd 'bihe^ 'Ur^ and antall. northern and so ilbera conluse all no* 
tacDcUture, etc. A better sjftteot of conatellat ons might bare been a material 
help as an arti^dol memory 
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tamed, from tlio earliest ages, the same relative siluatjon 
among tho atars, and, when examined through powerful 
tclc'^topes, 18 found (wonderful to relate!) to contisl entirely 
c/ $l/ira scattered ly mdhons, like glittcnng dust, on the 
black ground of the general heavens. It will bo described 
more particularly in tbo aubsequoDt portion of this work 
(803) Another remarkable region in the heaiens is' the 
aorfiac, not from anything pcouhar m its own constitution, 
but from its being tbo area witliin which tho apparent mo 
lions of tho 8un, moon, and all tlie greater planets are con 
fined To trace tho path of an> one of these, it is only 
necessary to aeccftaiD, by continued observation, its places' 
at sucoessue epochs, and entering these upon our map or 
sphere in sufRcicnt number to form a senes, not loo far 
disjoined, to connect (Kern by lines from point to point, os 
wo mark out the course of a vessel at sea by mapping down 
its place from day to day Now when this is done, it is 
found, first that the apparent path, or track, of the sun on 
the surface of the heavens, is no other than an exact great 
circle of tho sphere which is called the ecUptic, and which is 
inclined to the equinoctial at as angle of about 23° 2S, 
intersecting it at two opposite points, called the equinoctial 
points, or equinoxes, and which are distiaguisfaed Irom each 
other by the epithets vernal and autumnal, the vernal being 
that at which the sun crosses the equinoctial from south to 
north, the autumnal when it quits the northern and enters 
the southern hemisphere Secondly, that the moon and all 
the planets pursue paths which, in like manner, encircle the 
whole heavens but are not like that of the sun, great 
circles exactly returning into themselves and bisecting the 
sphere, but rather spiral carves of much complexity, and 
described with very unequal velocities in their different 
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part‘« They have all, however, this in common, that the 
g'^ierat dtreelion of tbcir motions is the same with that of 
the Bun, tiz. from treat to eaat, that is to say, the contrary 
to that in which both they and the stars appear to bo earned 
by the diurnal motion of the heaN'cns; and, moreover, that 
they never deviate far from the ecliptic on cither aide, cro^s* 
ing’atid rccrosalng it at regular and equal intervals of time, 
and conGning themselves within a zone, or belt (the zo^liac 
already spoken of), extending (with certain exceptions among 
the smaller planets) not farther than 8* or 0® on either side 
of the ccUplie. 

(30i.) It would manifestly be nseleas to map down on 
globes or charts the apparent paths of any of tho«o bodies 
which never retrace the same course, and which, therefore, 
demonstrably, must occupy at some pne moment or other 
of their history, every point id tbe area of that zone of the 
hca>ens within which they are circumscribed The ap- 
parent complicatioD of their movements arises (that of the 
moon excepted) from our viewing them from a station 
which 13 itself in motion, nod would disappear, could we 
shift our point of view and observe them from the sun. On 
the other hand the apparent motion of the sun is presented 
to us under ite least involved form, and is studied, from 
the station we occupy, to the greatest advantage. So that, 
independent of the importance of that luminary to us in 
other respects, it is by tbe lotestigation of the laws of its 
motions in the Bret instance that wo must nse to a knowl- 
edge of those o! all the other bodies of our system. 

(805.) The ecliptic, which is its apparent path among 
the fi^ars, is traversed by it in the period called the sidereal 
year, which consists of 865* 8* P“ 9’6', reckoned in mean 
solar time, or 866* 6* 9” 9 6* reckoned in sidereal time. Tbe 
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reason of this dilTcrcnco (and it is this which constitutes 
tho origin of the diflcronco between solar and sidereal time) 
IS, that as tho sun's apparent annual motion amonj;/ the stars 
13 performed m a contrary direction to the apparent dturn/rl 
motion of both sun and stars, it comes to the same thing as 
if the diurnal motion of the sun were so much slotier than 
that of the stars, or as if the sun lagged behind them in its 
daily course When this has gone on for a whole year, the 
sun will have fallen behind the stars by a whole circum 
leronco of tho heavens— or, in other words, m a year the 
sun will have made fewer diurnal revolutions, by one, than 
tho stars So that the same interval of time which is mcas 
ured bySCG' CS etc , of sidereal time, will bo called S55 days, 
6 hours, etc , if reckoned m mean solar time Thus, then, 
18 the proportion between tho mean solar and sidereal day 
established which, reduced into a decimal Iractioa, is that 
of 1 00273791 to 1 The measurement of time by these 
different standards may bo compared to that of space by 
the standard feet, or ells of two different nations, the pro- 
portion of which, once settled and borne m mind can never 
become n source of error 

(306 ) The position of the ecliptic among the stars may, 
for our present purpose, be regarded as invariable It la 
true that this is not strictly the case, and oa comparing 
together its position at present with that which it held at 
tho moat distant epoch at which we«poasess observations, 
we find evidences of n small change, which theory accounts 
for, and whose nature will be hereafter explained, but that 
change is bo excessively slow, that for a great many succea 
Bive years or even for whole centunee, this circle may be 
regarded, for most ordinary purposes, as ‘holding the same 
position IS the sidereal heavens 
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(307 ) The no^es of th* tohpUc^ tike those of ivnj other 
great circle o£ the sphere, arc opposite points on its surface, 
eqnidistatit from the ecliptic m etcrj direction Ihe) are 
ol course not coinculenl with those of the cquinoctnl, but 
remot ed from it by an angular interval equal to tlio inchna 
tion of the ecliptic to tho equinoctial (23® 23) which is 
called the obUqmUj of the eehpUe In the next figure, if 
P p represent the north and south poles (b^ ivhicli when 
used without qualification wcalnaja mean the poles of (he 
equtnociiaT) and F A Q Y tho cqmnoctial, Y S A YT the 
ecliptic, and K X, its poles — the spherical angle Q Y S is 
the obhquit} of the ecliptic, and is equal in angular mcas 
ure to P K or S Q If we suppose the sun’s apparent mo 
tion to ho in the direction Y S A W Y will be tho verfial 
nnd A tho autumnal equtnox S and W tho two points at 
w) ich the ecliptic is most distant from the equinoctial are 
termed solj<tc« because, when arrived there the sun ceasea 
to recede from tho equator, and (in that sense, so far as its 
motion ID declination is concerned) to stand still in tho 
heavens S, the point where tho sun has the greatest 
northern declination is called the eummer and hV tliat 
uhcrc it 13 furthest south the tnnter solstice These cpi« 
thets obviously have their ongio m the dependence of the 
seasons on the sun s declination which will be explained 
m the next chapter The circle E K P Q Xp which paoses 
through the poles of the ecliptic and equinoctial is called 
the /tolstilial colure and a meridian drawn through the 
equinoxes P Y p A tt»c eqzcxnoeUal colure 

(308 ) Since tl c iclq tic holds a determinate situation m 
the starry heavens, it may bo employed like the equinoc 
tial, to refer the positions o! the stars to, by circles drawn 
through them from tie poles and therefore perpendicular 
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io It Such circles nre towned, in nstronorny, circles of 
Intitndo— -the dist'into of n fltar from the ecliptic, reckoned 
on the circle of latitude pa'^sing through it, is called the 
latitude of tbo stars— and the arc of tbo ecliptic intercepted 
between the vernal equinox and tins circle, its longiiiKU In 
tho figure, X ISO star, rXIlacir 
do of decimation drawn tfarongh 
It, by which it is referred to the 
equinoctial, and K X T a circle 
of latitude referring jt to the 
eeliptio— then, as Y B is the right 
ascension, and B X the declins 
tion, of X, BO also is Y T its 
longitude, and T X its latitude 
The use of the terms longitude 
ond latitude, in this sense, seems to have originated in 
considering the ecliptic os forming a kind of natural 
equator to the heavens, as the terrestrial equator does 
to the earth — the former holding on inianable position 
with respect to the stars, as the latter does with respect 
to stations on the earth's surface The lores of this ob 
serration will presently become apparent 

(809 ) Knowing the ngbt sBcenaion and declination of an 
object, we may find its longitude and latitude, "ind vice 
versd This is a problem of great use in physical astronomy 
—the following is its solution In our last figure E K P Q, 
the solstitial colute is of course 90® distant from Y, the 
vernal equinox, which is one of its poles — so that Y E (the 
right ascension) being given, and also Y E, the arc E K, 
and Its measure, the spherical angle E P R, or K P X, is 
known In the spherical tnaogle K P X, then, we hare 
given, Ist, the aide P K, which, being the distance of the 
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poles ot iho ecUpt\c and equinoctial, la equal to the ob 
hqttitj of the ecliptic, 2, the aide P X, the pofar tfw 
tance, or the complement of tho declination B X, and, 3, 
the inclnded angle K P X, and therefore, by spherical 
trigonometry, it is easy to find the other side K X, and 
the remaining angles Now K X is the complement of the 
re’qnired latitude X T, and the angle P K X being known, 
and P K V being a right angle (becanso S V is 90®), the 
angle X K T hecomes known Now this is no other than 
the measnre of the longitude V T of the object The in 
verse problem is resolved by the same triangle, and by a 
process exactly similar 

(810 ) It IS often of use to know the situation of the 
ecliptic m the visible heavens at any instant, that is to 
say, the points where it cuts the horizon, and the altitude 
of Its highest point or, as it is sometimes called the 
nonagaimal point of tho ecliptic, as well as the longitude 
of this point ou the ecliptic itself 
from the equinox These and all 
questions referable to the same data 
and qussita are resolved by the 
spheneal tnnnglc Z P E formed 
by the zenith Z (considered as the 
pole of the horizon), the pole of 
the equinoctial F and the pole of 
the ecliptic E The sidereal time 
being given, and also the right ascension of the pole of the 
ecliptic (which is always the same, viz IS" 0" O) the hour 
angle Z P E of that point is known Then in this tri 
angle we have given P Z the co latitude P E, the polar 
di'^tance ol the pole o^ the ecliptic, TST’ UB, and the angle 
Z P E from which we may find, 1st, the side Z E, which is 
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easiljr seen to bo equal to the altitade of the nonagesimal 
point sought, and 2dly, tho angle P 2 E which is the azi 
muth of the pole of the ecliptic, and which, therefore, being 
added to and subtracted from 90**, gives the azimuth of 
the eastern and western intersections of the ecliptic with 
the horizon Lastly, the longitude of the nonagesimal 
point may be had by calculating in the same trnngle the 
angle FEZ which is its complement 

(811 ) The angle of etluatton of a star is the angle m 
eluded between circles of latitude and of decimation pass 
mg through it To determine it in any proposed case we 
must resolve the triangle P S E, in which are given P S 
P E and the angle S P E which is the difference between 
the star s right osceirsioo and 18 hours from which it is 
easy to dud tho ai^gle P $ E required This angle is of use 
m many inquiries m physical astronomy It is called in 
most books on astronomy the angle of post/ion but this 
expression has become otherwise and more conveniently 
appropriated (See art 20i) 

(312 ) The same course of observations by which the 
path of the sun among the fixed stars is traced and the 
ecliptic marked out among them determines of course the 
place of the equinox V (fig art 808) upon the starry spl cre, 
at that time — a point of great importance in practical astcon 
omy ns it is the origin or zero point of right ascension 
Now when this process is repeated at considerably distant 
intervals of time a very remarkable phenomenon is ob 
served \iz tint tho equinox does not preserte a constant 
place among the stars but shifts its position travUIing con 
tinually and regularly although with c'ctrenio slowness, 
f acKuiard along the ecliptic, in the direction \ W from cast 
to west or the conlrari/ to that in which the sun iq j ear to 
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move iQ that cvrcle Ab tUo ecUptio and equinocual are not 
very much lodmcd, this motion of tho equinox from east 
to west along tho former, conspires (speaking generall}) with 
the diurnal motion, and carries it, with reference to that mo 
tion, continnally m advance upon the stars hence it has ac- 
quired the name of the precesston c/ the equinoxes, because tho 
place of the equinox among the stars, at every subsequent 
moment, precedes (with reference to tho dinrnal motion) that 
which it held the moment before The amount of this mo- 
tjou by which the equinox travels backward, or retrogrades 
(as It IS called), on the ecliptic, is 0® 0 60 10' per annum, an 
extremely minute quantity, but which, by its continual 
accumulation from year to year, at last makes itself very 
palpable, and that in a way highly inconvenient to practical 
astronomers, by destroying, in the lapse of a moderate num 
her of years, the arrangement of their catalognes of stars, 
and making it necessary to reconstruct them Since the 
forraatioQ of the earliest catalogue on record, the place of 
the equiuos has retrograded already about 30* The period 
in which It performs a complete tour of the ecliptic is 25 8G8 
years 

(313 ) The immediate uranographical effect of the pre 
cession of the equinoxes is to produce a umform increase of 
longitude m all the heavenly bodies, whether fixed or er 
ratic For the vernal eqninox being the initial point of 
longitudes, as well as of right ascension, a retreat of this 
point on the ecliptic tells upon the longitudes of all alike, 
whether at rest or in motion, and produces, so far as its 
amount extends, the appearance of a motion in longitude 
common to all, as if the whole heavens had a slow rotation 
round the poles of the ecliptic in the long period above 
mentioned, similar to what they have m twenty four hours 
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round those of the equinoctial This increase of longitude, 
the reader will of course observe and bear in mmd, is, prop 
erlj speaking, neither a real nor an apparonl movement of 
OiC stars It is a purely teohnical reault, arising from the 
gradual shifting of tho zero point from which longitudes are 
reckoned Had a dzed star been chosen as the origin of 
longitudes, they would have been invariable 

(814 ) To form a ]a8t idea of this curious astronomical 
phenomenon, however, we must abandon, for a time, the 
consideration of the ecliptic, as tending to produce confu 
Sion m our ideas, for tins reason that the stability of the 
ecliptic Itself among the stars is (as already hinted, art SO^ 
only approximate, and that in consequence its intersection 
with the equinoctial is liable to a certain amount of change, 
arising from 1(4 iluctuattoo, wbiob mixes itself with what is 
doe to the principal umnograpbical canse of the phenome 
son This cause will become at once spparent if instead 
of regarding the equinox we fix our attention on the pole 
of the equinoctial or the vamabiDg point of the earth s axis 
(315 ) The place of this point among the stars is easily 
determined at any epoch, by the most direct of all astronom 
ical obsenatioQs — those with the meridian or mural circle 
By this instrument we are enabled to ascertain at ever^ 
moment the exact distance of the polar point from any threi, 
or more stars and therefore to lay it down, by triangulating 
from the'^e stars, with unerring precision, on a chart or 
globe without the lea«t reference to the position of the 
ecliptic, or to any other circle not naturally connected w tb 
It Now, when this is done with proper diligence and ex 
actness it results that although for short intervals of tune, 
such as a few days the place of the pole may be regarded as 
not sensibly variable, yet m reabty it is in a state of con 
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Btant, although extremely slow motiou, and, what is still 
more remarkable, this motion is not uniform, but com 
pounded of one principal, uniform, or nearly uniform, part, 
and other smaller and subordinate periodical fluctnations: 
the former giving rise to the phenomena of _preceasi£>n , the 
latter to another distinct phenomenon called nutation 
These two phenomena, it is true, belong, theoretically 
speaking, to one and the same general head, and are inti 
mately connected together, forming part of a great and com 
plicated chain of consequences dowing from the earth's rota 
tion on its axis, but it will be conducive to clearness at 
present to consider them separately 

(316 ) It is found, then, that in virtue of the uniform 
part of the motion of the pole, it describes a circle in the 
heavens around the pole of the ecliptic as a centre, keeping 
constantly at the same distance of 28^ 28 from it m a direc 
tion from east to west, and with such a velocity, that the 
annual angle described by it, lu this its imaginary orbit, is 
60 10', so that the whole circle would be described by it in 
the above mentioned period of 25,868 years It is easy to 
perceive how such a motion of the pole will give rise to the 
retrograde motion of the equinoxes, for in the figure, art 
808, suppose the pole P id the progress of its motion m the 
small circle F O Z round K to come to O, then, as the situa 
tion of the equinoctial B V Q is determined by that of the 
pole, this, It IS evident, must cause a displacement of the 
equinoctial, which will take a new situation, E TI Q, 90® 
distant in every part from the new position O of the pole 
The point U, therefore, in which the displaced equinoctial 
will intersect the ecliptic, » e the displaced equinox, will 
lie on that side of Y, its ongmal position, toward which the 
motion of the pole la directed, or to the westward 
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(317 ) The prcccasinn of the equinoxes thus conceived, 
coiiHists, then, in o. real but \erj slow motion of the pole of 
the Iieavons among tlie stars, in a small circle round tlie polo 
of the ecliptic Now this cannot happen without producing 
corresponding changes in the apparent diurnal motion of the 
sphere, and the aspect which tho heavens must present at 
very remote periods of historj The pole is nothing roofe 
than tho tanishing point of tho earth's axis As this point, 
then, has such a motion ns wo hnie described, it necessarily 
follows that tho earth s axis must have a conical motion, in 
virtue of which it points snccessively to every part of the 
small circle in question Wo may form the best idea of 
such a motion by noticing a child s pegtop, when it spins 
not upright, or that amusing toy the to to turn, which, when 
delicately osecutod, and nicely balanced, becomes an ele 
gant philosophical instrument, and exhibits m the most 
beautiful manner the whole phenomenon The reader will 
take care not to confound the variation of the position 0 / the 
earth s axis tn space with a mere shifting of the imaginary 
line about which it revolves, lu its interior The whole 
earth participates in the motion, and goes along with the 
axis as if it were really a bar of iron driven through it 
That such is the case is proved by the two great facts 
1st, that the latitudes of places on the earth, or their geo- 
graphical situation with respect to the poles hdve under 
gone no perceptible change from the earliest ages 2dly, 
that the sea maintains its level, which could not be the case 
if the motion of the axis were not accompanied with a mo 
tion of the whole mass of the earth * 


• Iiocal changes ot the sea level, ans ng from purely goological 
are easily diatingnished from that genera and systematc altof^tioo h'Iuw} s 
ehiiUng of the s^a of roUUen woald g tb nso to 
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(318) Tlic M^tble elfcct ot pcece^sioa oti the aspect ol 
the bc'ivcns consists in the a; /Jarojf approach of some stars 
and constellations to the pole and recess of others The 
bpj'ht star of the Lesacr Bear, which we call the pole star, 
Ins not always been, nor will always tontinne to be, our 
cynosure At the time of the construction of the earliest 
catalogues it was 12’ from the polo — it is now only 1® 24, 
and will approach yet nearer, to withm half a degree, after 
which It will again recede, and elowI> give place to others, 
which will succeed in its companionship to the pole After 
a lapse of about 12 000 years, the star a Lyrse the bnghtest 
in the northern hemisphere, will occupy the remarkable 
situation of a pole star approaching within about 5® of 
the pole 

(819 ) At the date of the erection of the Great Pyramid 
of Otzeh, which precedes by 8970 years (say 4000) the pres 
eat epoch, the longitudes of all tbo stars were less by 55® 45 
than at present Calculating from this datum* the place of 
the pole of the heavens among the stars it will be found to 
fall near a Dracouis its distance from that star being 
8® 44 25' This being the most conspicuous star* m tbo 
immediate neighborhood was therefore the pole star ot that 
epoch And the latitude of Gizeh being just 80° north and 
consequently the altitude of the north pole there also 80® it 
follows that the star in question must hive had at its lower 
culmination, at Gizeh, an altitude of 26® 16 85' Now it is 
a rcmarkahle fact ascertained by the late researches of Col 


* Oa this calculation the d rninut on of th« obi qu of the oclipUo in the 
4000 rears elapsod has no Influence That d minntion arises from a change fat 
the plane of tbo earth s orbii and has poUung to do with the change in the 
pc« t on o! its ozu as referred to the atany aphere 

* ■ Draconis is now an tneonspeuona star of the 4tb magnitode bnt there 
b distinct eridence to show that it was fonnerly bngbter 

Akbosomt— Y ol 335— la 
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"Vyse, that,of tte nine pyramids still existing at Gizeb, six 
(including all the largest) have the narrow passages by 
which alone they can be entered (all which open out on the 
northern faces of their respective pyramids) inclined to the 
horizon downward at angles as follows: 


Ist, or I’/ramid of Cheops . 
3d, or PTraiDid of Cephmt . 
3d, or Pyramid of Uycerinus 
4th, . , , 

6th, . . . . 

8th, . . . , 


26* 41' 

25 56 

26 2 

27 0 

27 12 

28 0 




. 26 47 


01 the two pyramids at Abonsseir also, which alone 
exist in a state of sufficient preservation to admit of the in* 
clinations of their entrance passages being determined, one 
has the angle 27” 5', the other 26”. 

(820 ) At the bottom of every one of these passages, 
therefore, the then pole star must have been visible at its 
lower culmination, a circumstance which can hardly be sup* 
posed to have been unintentional, and was doubtless con 
nected (perhaps superstitiously) with the astronomical obser- 
vation of that star, of whose proximity to the polo at tho 
epoch of the erection of these wonderful etructnres, wo are 
thus furnished with s monumental record of the most im* 
penahable nature 

(321.) Tho ol tbecarth’s axis is a small and slow 

subordinate gyratory movement, by which, if subsisting 
alone, the pole would desenbe among tho stars, in a period 
of about nineteen years, a mmuto ellipsis, having its longer 
axis equal to 18''6, and its shorter to 15''7-1,' the longer 
being directed toward the polo of tho ccliptie, and the 
shorter, of course, at right angles to it. The contequence 
of this real motion of tho pole is an apparent approach and 
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recc<:3 of alt the stars in the hei\cna to the pole In the same 
peno<l Since, also, the plate of the equinox on the ecliptic 
IS determined the place ol the pole m the heavens, the 
same cause will give riao to a small alternate advance and 
recess of the equinoctial points, by which, in tho same 
period, both the longitudes and tho right ascensions of the 
start! will be also alternately increased and diminished 
(322 ) Both these motions, however, although here con 
eidercd separately, subsist jointly, and since, w bile in virtue 
of the nutation, the pole is de«cnbing its little ellipse of 
18' 6 in diameter, it is carried by the greater ond regularly 
progressive motion of precession over so much of its circle 
round the pole of the ecliptic as corresponds to nineteen 
years — that is to say, over an angle of nineteen times 50' 1 
round the centre (which in a small circle of 28* 28 m 
diameter, corresponds to 6 20' as seen from the centre of 
the sphere) tbo path which it will pursue m virtue of tho 
two motions, subsisting jointly will bo seithor an ellipse 
nor an exact circle, but a gently undulated ring like that 
in the figure (where, however, the undulatioas arc much 
exaggerated) (Sec fig to art 325 ) 

(323) These movements of prcce‘>8ioQ and nutation are 
common to all the celestial bodies, both fixed and erratic, 
and this circumstance makes it impossible to attnbuto them 
to any other cause than a real motion of the earth s axis 
such 03 we have described Did they only affect the stars, 
they might, with equal plausibility, be urged to arise from a 
real rotation of the starry heavens, as a solid sheik round an 
axis passing through the poles o! the ecliptic m 25,868 
years, and a real elliptic gyration of iJtat axis in nineteea 
years but since they also affect the sun, moon, and planets, 
which, having motions independent of tho general body of 
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Yyse, that of the nine pyramids still existing at Gizeh, six 
(including all the largest) have the narrow passages by 
which alone they can be entered (all which open out on the 
northern faces of their respectire pyramids) inclined to the 
horizon downward at angles as follows 


lat or Pjratnld of Cheops 
2d or Pyramid of Cephren 
3d or Pyramid of tC/cennos 


Of the two pyramids at Abousseir also, which alone 
exist in a state of sufficient preservation to admit of the in 
chnationa of their entrance passages being determined, one 
has the angle 27° 6 , the other 26° 

(820 ) At the bottom of every one of these passages, 
therefore, the then pole star must have been visible at its 
lower culmination, a circumstance which can hardly be sup 
posed to have been unintentional, and was doubtless con 
nected (perhaps superstitiously) with the astronomical obser 
vation of that star, of whose proximity to the pole at the 
epoch of the erection of these wonderful structures, we are 
thus furnished with a mouamental record of the most im 
perishable nature 

(321 ) The jiuia/ion of the earth's axis is a email and slow 
subordinate gyratory movement, by which, if subsisting 
alone, the pole would descnbo among the stars, in a period 
of about nineteen years, a minute ellipsis, having its longer 
axis equal to 18' 6, and its shorter to IS' 74, the longer 
being directed toward the pole of the ecliptic, and the 
shorter, of course, at ngbt angles to it The consequence 
of this real motion of the pole is on ap 2 >arent approach and 
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rccc's of all the stars m the hca%cn3 to the pole In the same 
penocl Since, also, the place of the equinox on the ecliptio 
13 detcrrninetl the place of the pole in the heaNcns, the 
same canBO vrill gne n«o to a small alternate fldiance and 
rece«3 of the equinoctial |>oints, by which, in the same 
period, both the longitudes and the right ascensions of the 
8tat% will be also alternately increased and diminished 
(822 ) Both these motions, howerer, nlthoagh here con 
Bidercd separately, sub'iisl jointly , nnd since, while in virtue 
of the nutation, the pole is dcacribing its little ellipse of 
18' 6 in diameter, it is earned by the greater and regularly 
progressive motion of precession over so much of its circle 
round the pole of the ecliptic as corresponds to nineteen 
yearfr— that is to say over an angle of nincteon times CO* 1 
round the centre (which in a small circle of 23° 28 m 
diameter, corresponds to 6 20* os seen from the centre of 
the sphere) the path which it will pursue m virtue of tho 
two motions, subsisting jointly will be neither^ an ellipse 
nor an exact circle, bat a gentlj undulated ring like that 
ID the ligurc (where, however tbe undulations arc much 
exaggerated) (See fig to art 32o ) 

(823 ) These movements of precession and nutation are 
common to all tbe celestial bodies both fixed and erratic, 
and this circumstance makes it impossible to attribute them 
to any other cause than a real motion of the earth e axis 
such as we have de^enbed Did they only affect the stars, 
they might, with equal plausibility, be urged to arise from a 
real rotation of tho starry heavens, as a solid shell round an 
axis passing through the poles of the ecliptic m 25,868 
yessSf and & real eBiptic. gjxatiSfa sS iIkiJ sxvs }s siSGS&ss 
years but since they also affect tho sun, moon, and planets, 
which, having motions independent of the general body of 
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tho .tars, cnnot w.tboat be supposed^ 

to the celestial coacave," this idea falls g 

.Keie onlp le.a.aa, ^ 

which they can be acconnted for „„pnces of 

eubseqeeo; chapter that they are eeeessay 

the rotatioa of the earth; combmed with its <=n-P‘“ 

and the unequal attraction of the sun an moon 

and equatorial regions . 

(324 ) TTranographically eonaidered, as ““““S J 
parent places of the stars, they are of the utmost i^o"^ 
in practical astronomy When we speak of the nght aseen 
eion and declination of a celestial object, it becomes neees 
nary to state what epoch we intend, and whether we mean 
the mrun nght ascension-cleared, that is, of the periodical 
fluctuation in its amount, which arises from nuta ion, 
apparent right ascension, which, being rec one ro 
afual place of the vernal equinox, is affected by the period 
ical advance and recess of the equinoctial point produced 
by nutatiou-and so of the other elements It is the pro 
tice of astronomers to redaee, as it is termed all their ohser 
vations, both of right ascension and declination, to some 
common and convenient epoch — such as the beginning o 
the year for temporary purposes, or of the decade, or the 
century lor more permanent uses, by subtracting from them 
the whole effect of precession ill the interval, and, more 
over, to divest them of the mnuenoo of nnlation by invcsti 
gating and subducting the amount of change, both in right 
ascension and declination, d uo to the displacement of the 

■ Thl..rsum.=t eoE.nl » It U .oi«lrw 
U,. lev ol nutnlion winch !• aeroadeni ejlh. J"'*" „n.i 

Innnr orbit. II wo nllrlb ne K to . b, ih. noUoe 

then maintain that ephero to bo kept In • eonatonl oiato 
ot the moon I 
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pole from tlio ceatrc to the citcumfercDcc of tlio httlo clUpsc 
ftbove mentioned Thm Ia:at proct,®^ la technicall) termed 
correcting or lUo observation (or nutition, bj 

tthich latter word is alnaya nndcratoo*! in astronemv, the 
getting nd of a periodical cau'o of fluctuation, and present 
jng a result, not as it urt* observed, but as it would have 
bedn observed, had that cause of fluctuation had no exist 
ence 

(325) For these purposes in the pre cut case, 1017 con 
venicnt formulae have been denied, and tables constructed 
They are, howeicr of too technical a character for this 
work, we shall, however, 
point out tlie manner in 
which the investigation is 
conducted It has been 
shown in art 809 by what 
means the right ascension 
and decimation of an object 
are derived from its longitude 
and latitude Heferriug to 
the figure of that article, 
and supposing the tnangle 
K P X orthograpbically projected on the plane of the eelip 
tic as in the annexed figure in the tnangle K P X K P is 
the obliquity of the ecliptic, K X the co lattiude (or comple 
ment of latitude) and the angle P K X the co longt{ude of 
the object X The®e are the data of our question of which 
the second is constant and the other two are varied by the 
effect of precession and nutation and their variations (coo 
sidenng the minuteness of tho latter effect generally, and the 
small number of years in companson of the whole period of 
25,868, for which we ever require to estimate the effect of 
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the former) arc of that order which may be regarded aa m 
finitesimal in geometry^ and treated aa such without fear of 
error The whole question, then, is reduced to this — In a 
spherical triangle K P X, in which one side K X is con 
stant, and an angle K, and adjacent side K P vary by given 
infinitesimal changes of the position of P required the 
changes thence arising in the other side P X, and the angle 
K P X This IS a very simple and easj problem of spber 
icai geometry, and being resolved, it gives at once the re 
ductioQs we are seeking, for P X being the polar distance 
of the object, and the angle K P X its right ascension plus 
90®, their variations are the very quantities we seek It 
only remains then, to express m proper form the amount of 
the precession and nutation m hngxlude and laMuds, when 
their amount in right ascension and declination will imniedi 
ately be obtained 

(826 ) The precession in latitude is zero, since the lati 
tudes of objects are not changed by it, that in longitude 
IS a quantity proportional to the time at the rate of 60' 10 
per annum W^ith regard to the nutation in longitude and 
latitude, these are no other than the abscissa and ordinate 
of the little ellipse in which the pole moves The law of 
its motion, however, therein, cannot be understood till the 
reader has been made acquainted with the pnncipil features 
of the moon s motion on which it depends 

(3^7 ) Another consequence of what Ins been shown 
respecting precession and nutation, is that sidereal time, 
aa astronomers use it, i « as reckoned from the transit of 
the equinoctial point, is not a mean or uniformly fiowtng 
guantity, being affected by nutation, and, moreover, that so 
reckoned even when cleared of the periodical fluctuation 
of nutation, it does not ttrtctly correspond to the earth’s 
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diurnal rotation As the sun loses one day m the year on 
the stars, by its direct motion m longitude, so the equinox 
gains one day in 25,868 years on them by its retrograda 
tion "Wo ought, therefore, carefully to distmgaish bo 
tween mean and apparent sidereal as between mean and 
apparent solar time 

* (828 ) Neither precession nor nutation change the ap 
parent places of celestial objects inh^r se We see them, 
so far as these canses go, as (hey are^ though from a station 
more or less unstable, as we see distant land objects cor 
rectly formed, though appearing to rise and fall when 
viewed from the heaving deck of a ship in the act of 
pitching and rolling But there is an optical cause, mde 
pendent of refraction or of pempective, which displaces 
them one among die other, and causes us to view the bear 
ens under an aspect always to a certain slight extent falsa, 
and whose indaence must be estimated and allowed for be 
fore we can obtain a precise knowledge of the place of any 
object This cause is what is called the aberration of light, 
a siDgulac and surpcisiug effect arising from, this, that we 
occupy a station not at rest bat in rapid motion, and that 
the apparent directions of the rays of light are not the same 
to a spectator in motioo as to one at rest A.8 the esttma 
tion of Its effect belongs to uranography, we must explain 
it here, though, in so doing, we must anticipate some of 
the tesnlts to be detailed m subsequent chapters 

(329 ) Suppose a shower of rain to fall perpendicularly 
in a dead calm, a person exposed to the shower, who shonld 
stand quite still and npnght, would receive the drops on 
bi3 hat, which would thus shelter him, but if be ran for 
ward in any direction Tfuey wou'ld strike ’mm in t’be lace 
The effect would be the same as if he remained still, and 
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(I ^ind Bbonld nnso of tho eamo velocity, and drift them 
ogaiast him Suppose a ball lot fall from a point A above 
a horizontal line EF, and that at B were placed to receive 
It the open month of an tnclmcd hollow tnbe F Q, if the 
tnbo wore held immovable the ball would strike on ita 
lower side, but if the tnbe were carried forward in the 
direction E P, with a velocity properly adjusted at every 
instant to that of the ball, while preserving its tnchnation 



to the horizon, so that when the ball in its natural descent 
reached C, the tab© should have been earned into the posi 
tion B S It )8 evident that the ball would, throughout its 
whole descent, be found in the axis of the tube aud a 
spectator referring to the tube the motion of the ball, and 
carried along with the former, ancouscious of its motion, 
would fancy that the ball had been moving in the inclined 
direction B S of the tube’s axis 

(330 ) Our eyes and telescopes are such tubes In what- 
ever manner we consider light, whether as an advancing 
wave in a motionless ether or a shower of atoms traversing 
spice (provided that in both ci^ea we regard it as nb«o 
lately incapable of safEeriDg resistance or oorporeil obstrue 
tion from the particles of transparent media traversed by 
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It*), if la the interval hetween the rajs traversing the object 
gloss of the one or the cornea of the other (a< which moment 
they acquire that convergence which directs them to a cer • 
tain point in Jixed apace) and their arrival at their focus, 
the cross wires of the one or the retina of the other be 
ahpped aside, the point of convergence (which remains un 
changed) will no longer correspond to the intersection of 
the wires or the central point of our visual area The 
object then will appear displaced, and the amount of this 
displacement is aierrahon 

(331 ) The earth is moving through space with a velocity 
of about 19 miles per second m an elliptic path round the 
sun, and is therefore changing the direction of its motion 
at every instant Light travels with a velocity of 192 000 
miles per second which altbongb much greater than that 
of the earth is yet not infinitely so Time is occupied by 
It in traversing any space and in that time the earth de 
senbes a space which is to the former as 19 to 192 000 
or as the tangent of 20' 5 to radius Suppose now APS 
to represent a ray of light from a star at A and let the 
tube F Q be that of a telescope so inclined forward that 
the focus formed by its object glass shall be received upon 
its cro’>s wire it is evident from what Las been said that 
the inclination of the tube must be such as to make 
P S S Q velocity of light velocity of the earth 1 
tan 20' 6 and, therefore the angle S P Q or P b R by 


^ This condition la Ind i^nsabl* W thoul t 17a fall nto &I1 those d ffi 
Cul ee vblch If Doppler has so well po died out n bis paper on Abe rat on 
(Abbandlungen der k boemwebeo Oese bebaft der W ssenschaften Folgre T 
Tol t.) It bgbl sell or the ium nile ous ether be corporeal the cond t on 
ina ated on amounta to a formal surrender of the dogn a e l er of the ezten on 
or of the Impenetrab 1 17 of matter at least In the aenae n wh ch thoae terms 
hvae been Wlberto used by meUphyaeana. Ai the pomt to wh eb acence 
la arr red probably few will be found d spoaed to mamtain e ther tbe one or 
the other 
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tvhioh the axis of the telescope must devinte irom the true 
direction ol the star, must be 20' 5 

(332 ) A similar reasoning will hold good when the 
direction of the earth s motion is not perpendicular to 
the visual toy If S B be the true direction of the visual 
ra^ and A G the position in which the telescope requires 
to be held in the apparent direction we must still have 

s the proportion B C B A veloc 

^ itj of light velocity of the earth 

j rad Bine of 20' 6 (for in such 

small angles it matters not whether 
® ® A we use the sines or tangents) But 

we have also by trigonometry B G BA sine of 
BAG sine of A C B or 0 B F, which last is the appar 
ent displacement caused by aberration Thus it appears 
that the sine of the aberration or (since the angle is ex 
treraely small) the aberration itself is proportional to the 
sine of the angle made by the earth s motion m space with 
the visual ray and is therefore a maximum when the hne 
of sight IS perpendicular to the direction of the earth s 
woSton 

(333 ) The uranographical effect of iberration then is 
to distort the aspect of the heavens causiDg all the stars 
to crowd as it were directly toward that point in the 
heavens which is the vanishing point of all lines parallel 
to that in which the earth is for the moment moving 
As the earth moves round the sun in the plane of the 
ecliptic this point most be in tlat plane 90® in advance 
of the earth a longitude or 90® behind the sun s and shifts 
of course continually clc'senbing the circumference of the 
ecliptic in a year It is ea-^y to dcmon'’trate tl at the effect 
on each part culur slur iwll be to wake it apparently de 
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•<Lribo a small ellipse in the heavens, having for its centre 
tbc point in which the star woalil be seen if the earth 
were at rest. 

(334 ) Aberration then affects the apparent right ascen- 
sions and declinations of all the stars, and that bj quanti- 
ties easily calcnlable. The formal® most convenient for 
Chat purpose, and which, systematically embracing at the 
same tune the corrections for precession and nutation, ea 
able the observer, with the utmost readiness, to disencum 
ber his observations of right axcension and declination of 
their influence, have been constructed by Prof. Bessel, and 
tabulated in the appendix to the first volume of the Trans- 
actions of the Astronomical Society, where they will be 
found accompanied with an extensive catalogue of the 
places, for 1830, of the principal fixed stars, one of the 
most useful and best arranged works of the kind which 
has ever appeared 

(835) 'When the body from which the visual ray ema- 
nates is Itself in motion, an effect arises which la not prop 
eily speaking aberration, though it is usually treated under 
that head in astronomical books, and indeed confounded 
With it, to the production of some confusion in the mind 
of the student The effect in question (which is indepen 
dent of any theoretical views respecting the nature of light*) 


' The results of the onduUtorj uid corpuscut&r tbeones of light, in the mat* 
ter of eberretion are, in the tnaiD, the eame We «s; (ti the main There is, 
however, a minute diSereoce even of numencat rceuiu In the undulatorj' 
doctnne, the propagalioo of light takes place with equal relocity in all direc- 
Uone, whether the lumlnarj be at net or to motioD la the corpuscular, with 
au excess of velocity in the direct on of the molioo over that in the contrary 
equal to twice the velocity of the body’s motion In the cases then of a body 
monog with equal velocity directly to and d reedy from the earth, the aberra 
tions will be oliile on the undulatoiy, but diBerent on the corpiiacular hypothe- 
sis. The utmost difference wl ich c*d arise from thta cause ta our »y»lm cannot 
amount to above eix thousandths of a eocood 
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maj be expHined as follo)^s The ray by which we see 
any object is not that which it emits at the moment we 
look at it, but that which it did emit some time before, viz 
the time occupied by light in traversing the interval which 
separates it from ua The aberration of such a body then 
arising from the earth s velocity must be applied as a cor 
rection not to the line joining the earth s place at the 
moment of observation with that occupied by the body 
at the same moment but at that antecedent instant when 
the ray quitted it Hence it is easy to derive the rule 
given by astronomical writers for the case of a moving 
object From tho Icnoton laws of tts motion and the earOi s, 
oalcxdats tts apparent or relaitte angular motto x in the Umo 
taken ly light to traverse its dutanoe from the earth This 
ts the total amount of its apparent misplacement Its eUeok 
13 to displace the body observed in a direction contrary to 
Its apparent znotton in the heavens And it is a compound 
or aggregate effect consisting of two parts one of which is 
the aberration, properly so called, resulting from the com 
position of the earth s motion with that of light the other 
being what is not inaptly termed the Fguation of light, being 
the allowance to be made for the time occupied by the light 
in traversing n vanoble space 

(836) The comploto Reduction, ns it is called, of an 
astronomical observation consists in applying to the place 
of tho observed heavenly body as read off on the instru 
meats (supposed perfect nnd in perfect adjostmont) five dis* 
tmet and independent corrections mz those for refraction, 
parollax, aberration, precession and nutation Of these the 
comction for refraction cnnblcs us to declare what would 
have been the ob‘!er\cd plact were there no atmospherL to 
displace it Thai for parallav enables us to sa> from its 
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place observed at the surlace of the earth, where it would 
have beeo seen if observed from the centre That for aber 
ration, where it would have been observed from a motion- 
less, instead of a moving station; while the corrections for 
precession and nutation refer it to fixed and determinate 
instead of constantly varying celestial circles. The great 
imjportance of these corrections, which pervade all astron- 
omy, and have to be applied to every observation before it 
can be employed for any practical or theoretical purpose, 
renders this recapitulation far from superfiuous 

(337.) Refraction has been already sufficiently explained 
(art 40), and it is only, therefore, necessary here to add that 
in Its use as an astronomical correction its amount must 
be applied in a contrary sense to that in which it affects 
the observation, a remark equally applicable to all other 
corrections. 

(338) The general nature of parallax or rather of par 
allactic motion has also been explained in art 80 But 
parallax in the uranograptucal sense of the word has a 
more technical meaniog It is understood to express that 
optical displacement of a body observed which is due to its 
being observed, not from that point which we have fixed 
upon as a conventional central station (from which we con 
ceive the apparent motion would be more simple in its laws), 
but from some other station remote from such conventional 
centre: not from the centre of the earth, for instance, but 
from its surface, not from the centre of the bud (which, as 
we shall hereafter see, is for some purposes a preferable 
conventional station), bat from that of the earth In the 
former case this optical displacement is called the divrnal 
or geocentric parallax, iu the latter the annual or helio- 
centric. In either case parallax ia the correefton to be ap 
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plied to the apparent place of tlio-heasenlj body, as actually 
seen from the station of obsenation, to reduce it to its place 
as it would have been seen at that instant from the conven 
tional station 

(339 ) The diurnal or geocentric pirallax at any placet?/ 
the earth’s surface is easily calculated if we know the dis 
tance of the body, and,*tnce 
versd, if we know the diurnal 
parallax that distance may be 
calculated For supposing S 
the object, C the centre of 
the earth, A the station of ob 
servatioD al its surface, and 
C A Z the direction of a per 
pendicnlar to the surface at A, 
then Will the object be seen 
from A ID the direction A S, 
and Its apparent zenith dis 
tance will be Z AS, whereas, if seen from the centre, it 
will appear m the direction C S with on angular distance 
from the zenith of A equal to Z C S, so that Z A S — Z 0 S 
or A S C IS the parallax Now since by trigonometry C S 
G A sin C A S = sm Z A S sm A S C, it follows that 

,, Kadius of earth , « . o 

the sine of the paralIax=T:— r ?-i — a- 4- sin Z A b 

^ Xlistance of body 

(340) The diurnal or geocentnc parallax, therefore, at a 
given place, and for a given distance of the body observed, 

13 proportional to the sine of its apparent zenith distance, 
and 18 , therefore, the greatest when the body is observed 
in the act of rising or setting, m which case its parallax is 
caWei its hortzontal parallax, so that at any other zenith 
distance, parallax = bonzonCal parallax 4- sine of apparent 
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zeailb distance, and amto A C S is always less than Z A S 
It appears that the application of the reduction or correction 
for parallax always acts m dimmation of the apparent zenith 
distance or increase of the apparent altitude or distance from 
the Nadir, i e in a contrary sense to that for refraction 

(841 ) In precisely the same manner as the geocentric or 
diurnal parallax refers itself to the zenith of the observer 
for its direction and quantitative rule, so the hehocentrio 
or annual parallax refers itself for its law to the point m 
the heaaena diametrically opposite to the place of the sun 
as seen from the earth Applied as a correction, its eSect 
takes place in a plane passing through the sun, the earth, 
and the observed body Its efifect is always to decrease its 
observed distance from that point or to increase its angular 
distance from the sun And its sine is given by the rela 
tion, Bistaoce of the observed body from the sun distance 
of the earth from the sun sine of apparent angular dis* 
tance of the body from the sun (or its apparent elongation) 
sine of heliocentric parallax * 

(342 ) On a summary view of the whole of the urano 
graphical corrections, they divide themselves into two 
classes, those which do, and those which do not alter the 
apparent configurations of the heavenly bodies tn^er se 
The former are real, the latter technical corrections The 
real corrections are refraction, aberration and parallax. 
The technical are precession and nutation, unless, indeed, 
we choose to consider parallax as a technical correction in* 
troduced with a new to simplification by a better choice 
of our point of sight. 


* This account of the bw of heliocentric persllaz Is In enbcipation of vhat 
foUowB ia a euhsequent chapter asd will he better understood b7 the etadeot 
when Bomewhac further adranced. 
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(813) TLo correction of tho first ot these classes have 
one pccuhant) m respect o£ their lavr, common to them all, 
which the student of practical astronomy will do well to fir 
in Ins memory They all rtf er Oiem$cliea to definite apexes or 
points of coniergence in the sphere Thus, refraction m its 
apparent effect causes all colcstial objects to draw together 
or converge toward tho zenith of the observer geocefitric 
parallax, toward Ins Nadir hchocentnc, toward the place 
of the sun in the hcaiens aberration toward that point in 
the celostisl sphero which is the vanishing point of all Jines 
parallel to the direction of the earth's motion at the mo 
ment, or (as will ho hereafter explained) toward a point 
in the great circle called the ecliptic, 90“ behind the sun's 
place in that circle When applied as corrections to an 
observation, these directions are of course to bo reversed 

(844) In the quantitatiie law, too, which this class of 
corrections follow, a like agreement takes place, at least 
as regards the geocentric ond heliocentric parallax and 
aberration, in all three of which the amount of the correc 
tion (or more strictly its sine) increases in the direct proper 
tion ol tbs siao ot tho apparent distiaoe ol the observed 
body from the np^r appropriate to the particular correction 
in question In the case of refraction the law is less simple, 
agreeing more neatly with tho tangent than the sine of that 
distance but agreeing with the others in placing the maxi 
mum at 90“ from its apex 

(345 ) As respects the order in which these corrections 
are to be applied to any observation jt is as follows 
1 Refraction 2 Aberration, 3 Geocentric Parallax, 4 
Heliocentric Parallax, 6 Natation, 6 Precession Such, 
at least is the order in theoretical strictness But as the 
amount of aberration and nutation is in all cases a very 
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mmuto quantit) Jt tnattere not in wliat order they are 
applied, 80 that for practical convenience the) are always 
thrown together with the precession and applied after the 
others 


CHAPTER VI 

OF THE SElx 8 JtOTlOK A>D PHYSICAL CONSTITITTION 

Appa.rent Mot on ot the Sun not Dn fonn — lu Apparent D ame cr elso 
Variable— Vanat on o( ts Diatance Concluded — Ita Apparent Orb t 
an Ell pee about the Fecua— Law of the Anjrular Velocttf— Equable 
Dc enpUon of Areaa — Parallax of the Bun— Ita D stance and Ifagn 
tude — Copemican Ezplauat on of the Sun a Appa ent Mot on — Parallel 
sra of the Earth a Azta— The Seaaona— Heat Eece red f om the Sun 
ta Different Parte of the Orb t— Effect of Ezeentr ciCF of the Orb t and 
Foe bon of ta AtU on Climate— Mean and True Long ludes of the Bun 
—Equation of the Ceotro—B dereal Trop cal and Anomal at e Tears 
— Phrs cal Conalitut on of the Sun— Its Spota—Faculie— Probable 
Katuro andCauieof the Spots— Recent DecoTcres of Mr Dawes — 
Of Mr liasm/th- Rotat on of the Sun on its Ax a— Its Aimoaphere 
—Supposed Cloudfr— Period cat Recurrence of a More end Less Spotted 
State of ita SurCace— Temperature of la Surface— Ita Expend ture of 
Beat — Probable Cau e of Solar RadiaUon 

(846 ) Iv foregomg chapters it has been shown that 
the apparent path of the son is a great circle of the sphere 
which it performs in a period of one sidereal year From 
this it follows that the line joining the earth and sun lies 
constantly »« one plane and that therefore whatever be 
the real motion from which this apparent motion arises 
It must he confined to one plane which is called the pfane 
of the echpl c 

(347) We hive alresidy seen (art 146) that the suns 
motion in right ascension among the stars is not uniform 
This IS partly accountect lor by the obliqnity ol the ecliptic, 
in consequence of which equal vanationa in longitude do 



2S2 


ovTiJ'^ns or ABrnosvitv 


ftol rorrr^jKind !<•> rqua) <‘l»ari^r<< of M^rn^ion BoJ 

if we oK'ef>e l!ti' |»l»ce of tin aun ifjrouphoul iho 

jcar, bj ibc trannji »»«! cirile, onil frf>«} »)]e«o cakiilste 
ll)r Joijfjjtuil" for each it wiJJ aliJl be foujjJ tlml, cren 
10 !!■« own i>rojwr pnlh, iLi ftpparent on^Milar motion i* far 
from uniform The clnni»e of longitmle in twenty four 
mrin aoUr hours iiiera^r* O' r>*» 8' 83, Imt about the Slat 
of I)ectmf>ef it amminu to 1 I'O' 1>, ami almul the lit of 
Jiil^ ta onl^ O' 07 H'O Such are the extreme limita, ami 
ruth the mean >nluo of the aun’a nj»j»areitt angular velocity 
in lU Annual orbit 

(3Jft) lhi< variation of lU angular tclocil^ la accom 
patneif with a correipomltng change of ita ilistancc from 
«a The change of iltatancc la rccognirci! by a variation 
ol>acrvo(l to Lake place m ila apparent diameter, when 
tneaauretl at dilTcrcnt reaaona of the year, wjth on inrtru 
ment adapted for iliat puriiose, called the /ifheme/cr,’ or, by 
calculating from the time which ita disk, ukca to traverre 
the mendian in the tranrit inrlrnment The grc"lcst ap 
parent diameter corrc^iwnds to the Jh{ of January, or to 
the gnftleft angular loJocrty, and 32 36*2, the 

least IS 81 82' 0, and corresponds n the 1st of July, at 
which epochs, ns wo have seen, the angular motion js also 
at its oxtremo limit cither way Kow, ns wo cannot supyxiao 
the sun to niter its real size pcnodically , the observed change 
of Its apparent size can only anse from an actual change of 
distance And the sines or tangents of such small arcs 
being proportional to the nrcs themselves, its distances 
from us, at the above named epoch, must be in the inverse 
proportion of the apparent diameters It oppears, therefore, 
Uiat the greatest, the mean, and the least distances of the 
' lUtn tha iUD, aod * to meuaio. 
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«in uj» an? u r j ropo'tions of tb« na'"Vrs 

I'fJlOTJJ, 1 ar ! 0 an 1 that iL« ay’j an»nt Bn„«jlaf 

Tc'ocUT if e f!L4i3fl<.o in anti ik? t-'rjJ 

{Z\'> ^ li follow* froT tLi« that lit** fral orbit of the «un, 
rc'errctl tt> lb 5 earth nuj po«e<l a' ^“< 1 , i* ooi a circle will) 
the ea’th in the centre Tl f mtuation of the earth within it 
lH*exrrntni’, the rxeef,rri<-«fy ariotinting to OOI<J70 of the 
mean duiante, which t ajr I o re;raftlc<l ai our unit of mean 
arc in tbia inquiry Hat Ixstidca thi#, the /crm of the orbit 
IH not circular, but elliptic 1! from ant {Kiinl 0, taken to 
reprc«enl the earth, we draw a line 0 A, in fome fixc<l 
direction, from which we then net off a l••rle^! of BDj,les, 
A 0 It, A O C, eU. , equal to the ol;e< rt cd longitude* of the 
sun throughout the vear and in thciie rrn] cctlve direetiona 
meaaure off from 0 the distance* 

0 A, 0 n, 0 C, tic , rcpnacnting 
the distance* deduced from the 
ob*crtcd diameter, and then con 
neci all the extrcmilie* A, It C, 
etc , of ihcM line* by a conllnii 
oa* curve, it i* evident thin will bo a correct reprenon 
tation of the rclatitc orhii of the run about the earth 
liow, when tin* i* done a dctiation from the circular 
figure in the resulting curve become* apparent it i* found 
to bo evidently longer than it i» broad — that in to ray, 
elliptic, and tho point 0 to occupy, not tho centre, but ono 
of tho foci of tho cHipre The graplucal process hero de 
rcribed is rufUcient to point out tho general figure of tho 
curve in question, but for the purposes of exact verifica 
tion, It 1 * necessary to recur to the propcrtic* of tho cnip*c,* 

' Be« Coalc B<«tl9D» bf tho Il«v IL P lUmUtoo orm/otlerot ibo Torx 
aomofoua work* oa tlili lobjoct. 
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nnd to express the djslanco of any one of jts points la terms 
of the angular eituivtjon of that point with i-espect to the 
longer axis, or Cnmcier of the ellipse This, however, is 
reaililj done, and when numerically calculated, on tho sup 
position of the excentttcity being such as abote stated, a 
perfect coincidence is found to subsist between the distances 
thus computed, and those derived from the measurement*©! 
the apparent diameter 

(350 ) The mean distance of the earth and sun being 
taken for unity, the extremes are 1 01679 and 0 98321 But 
if we compare, in like manner, the mean or average angular 
velocity with the extremes greatest and least, we shall find 
these to be in the proportions of 1 03386 1 00000, and 
0 96870 The variation of the sun s aiiffutar tefoetty, then, 
IS much greater in proportion than that of its distance— fully 
twice as great , and if we examine its namenca) expressions 
at different periods comparing them with the mean value, 
and also with the corresponding distances it will be found, 
that by whatever fraction of its mean value the distance ex 
oeeds the mean, the angular velocity will fall short of tis 
mean or average quantity by very nearly tioice as great a 
fraction of the latter and ii« \ervi Hence we are led to 
conclude that the angular leloctltf is in the interse proper 
tion not of the distance simply, but of its square, so that, 
to compare the daily motion in longitude of the sun, at one 
point A, of Its path, with that at B, we most state the pro 
portion thus — 

OB* O A* daily motion at A daily motion at D 
And this 13 found to be exactly verified in ev ery part of the 
orbit 

(851 ) Hence we deduce another remarkable conclusion— 

VIZ that xf the sun be supposed really to moie around the 
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03 the sun moves 'vlong ita ellipse, this line (which is called 
in astronomj’ the faihus lector) will describe or sweep oier 
that portion of tho whole area or surface of the ellipse which 
13 included between its consecative positions and the mo 
tion of the san will be each that equal areas are thus swept 
over the revolving radius vector tn equal times, in what 
ever part of the circumference of tho ellipse the sun may be 
moving 

(368 ) From this it necessarily follows that in unequal 
times the areas described must be proportional to the times 
Thus, in the figure of art 349 the time in which the sun 
moves from A to B is to the time in which it moves from 
0 to D, *18 the area of the elliptic sector A 0 B is to the area 
of the sector DOC 

(864) The circumstances of the suns apparent annual 
motion may therefore be summed up as follows —It is per 
formed in an orbit lying lo oue plane passing through the 
earth s centre called the plane of the ecliptic, and whose 
projection on the heavens is the great circle so called In 
this plane its motion is from west to east or to a spectator 
looking down on the plane of the elliptic from the northern 
Bide in a direction the reverse of that of the hands of a 
watch laid face uppermost lo this plane, however, the 
actual path is not circular, but elliptical , having the earth, 
not in its centre, but in one focus The escentricity of this 
ellipse 18 0 01679 in parts of a unit equal to the mean dts 
tanee or half the longer diameter of the ellipse, t e about one 
sjstietb part of that semi dinneter, and the motion of the 
eun m its circumference is so r^ulated, that equal areas of 
the ellipse are passed over by the radius vector in equal 
times 

(356 ) 'What we have here stated supposes no knowledge 
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of tbe sTin’s actual distance from the earth, nor, conso 
qucQtly, ot the actual dimenawns of its orbit, nor of tho 
body of the eun itself To come to any conclusions on 
these points we must first consider by what means we can 
arrive at any l-nowlcdgo of the distance of an object to which 
wo have no access Now, it la obvious, that its jjcraffax 
aTone can afford us any information on this subject Sup 
pose F A B Q to represent the earth 0 its centre, and S tbe 
sun, and A B two situations of a spectator, or, which comes 
to the same thing the stations of two spectators, both ob 
serving the sun S at the same instant The spectator A will 
see It in the direction A S a, and will refer it to a point a in 
tbe infinitely distant sphere of the fixed stars, while tbe 



spectator B will see it in the direction B S & and refer it 
to b The angle included between these directions or the 
measure of the celestial arc ai by which it is displaced is 
equal to the angle A S B, and tf this anglo be knotra, and 
tbe local situationa ol A and B -mtli the part o£ the earth s 
Burlaee A B wcluded bettreen them it is evident that the 
distance C S maj be calculated Sow, since A S C (art 
SSB) 18 the parallax o( the sun as seen from A and B S 0 
as seen from B the angle A S B or the total apparent dis 
placement rs the sum of the parallaxes Suppose tl'» 
two obserrers-one in the uorlhem, the other in the 
era hem.sphere_at stattem, on tho same mertd.an 
serve on the same daj the mendtao altitudes o! i 
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centre thonco donved tbo appirent eenith die 

tancee, and cleared them of tbo effects of refraction, if the 
distance of the aun were cqna) to that of the fixed stars, the 
Buni of the xcnith diatantcs thus found would bo precisclj 
equal to the sam of the latitudes north and south of tho 
phtea of observation Tor tho sum in question would then 
bo equal to tho nnglo Z 0 X, which is tho meridional dis- 
tance of the stations across the equator But tho cficet of 
pnralhx being m both cases to Increase tho apparent zenith 
distances, their observed sum will l>o greater than tho sum 
of the latitudes, b} tho sum of the tivo parallaxes, or by tho 
angle A S B This angle, then, is obtained by snbdbcting 
the sum of tho rtoreh and south latitudes from that of the 
ronith distances, and this once determined, tho horizontal 
parallax u cosily found, by dividing the angle so determined 
b} the sum of tho sines of tho two latitudes 

(820 ) If the two stations be not exactly on tho same 
meridian (a condmon very difficult to fulfil), tho same proo 
C’s will apply, if we take care to allow for the change of the 
sun’s actual zenith distance in the interval of time elapsing 
between its arrival on the meridians of Che stations This 
change is readily ascertained, either irom tables of the sun’s 
motion, grounded on the experience of a long coarse of ob 
servations, or by actual obsor^ ation of its meridional altitude 
on several days before and after that on which the observa 
tions for parallax are taken Of course, the nearer the sta 
tions are to each other lo longitude, the less is this interval 
of time, and, consequently, the smaller the amount of this 
correction, and, therefore, the less injurious to the accuracy 
of the final result is any uncertainty m the daily change of 
zenith distance which may arise from imperfection m the 
solar tables, or in the observations made to determine it 
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(857 ) The horizontal parallax of the snn has been coo 
clndcd from observationa of the nature above described, 
performed in stations the moat remote from each other m 
latitude, at which observatories have been instituted It 
has also been deduced from other methods of a more re 
fined nature, and sosccptiblo of much greater exactness, to 
be* hereafter described Its amount so obtamed, is about 
8' 6 Minute as this q^uantity is there can be no doubt that 
it IS a tolerably correct apjiroximation to the truth , and in 
conformity with it we must admit the sun to bo situated at 
a mean distance from us, of no less than 23984 times the 
length of the earth's radius, or about 9o000000 miles [i&t« 
Note F ] 

(SoS ) Tiiat at so %ast a distance the sun should appear to 
us of the size it does and should so powerfully influence our 
condition by its beat and light requires us to form a very 
grand conception of its actual magnitude and of the scale 
on which those important processes are earned on within it, 
by which it is enabled to keep up its liberal and unceasing 
supply ot these elements As to its actual magnitude we 
can be at no loss knowing its distance and the angles un ler 
which Its diameter appears to us An object placed* at the 
distance of 9aOOOOQO miles, and subtendiug an angle of 
32 1*, must have a real diameter of 882000 miles Such, 
then 13 the diameter of this stupendous globe If we com 
pare it with what we have already a^ectained of the ditnen 
sions of our own we shall find that m linear magnitude it 
exceeds the earth in the proportion 1111 to 1 and in bulk in 
that of 1381472 to 1 

(3o9 ) It 13 hardly possible to avoid associating our con 
ception of an object of definite globular figure, and of such 
enormous dimensions, with some corresponding attribute of 
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ma^sWonoss (vnd material aoltdUy. That tho sun is not a 
mere phantom, but a body having its own peculiar structure 
and economy, our telescopes distinctly inform us. They 
show us dark spots on its surface, which slowly change their 
places and forma, and by attending to whoso situation, at 
diUcrent times, astronomers have ascertained that the bud 
revolves about an axis nearly perpendicular to the plane of 
tho ecliptic, performing one rotation in a period of about 25 
days, and in the stmo direction with the dinroal rotation of 
tho earth, t e from west to cast. Here, then, we hate an 
analogy with our own globe^ the slower and more majestic 
movement onlj corresponding with the greater dimensions 
of the macluocry, and impressing us with the prevalence of 
similar mechanical laws, and of, at least, such a community 
of nature os the existcoeo of inertia and obedience to force 
may nrguo Now, in the exact proportion in which we in* 
amst our idea of this immense bulk with the attribute of 
loertm, or weight, it becomes difTicult to conceive its circu* 
Intion round so comparatively small n body as the earth, 
without, on tho one hand, dragging it along, and displacing 
It, if bound to it by some invisible tie, or, on the other 
hand, i£ not so held to it, pursuing its course alone in space, 
and leaving the earth behind If we connect two solid 
masses by n rod, and fling them aloft, we see them circulate 
about a point between them, which is their common centre 
of gravity, but i! one of them bo greatly more ponderous 
than the other, this common centre will be proportionally 
nearer to that one, and even withm its surface, so that the 
smaller one will circulate, in fact, about the larger, which 
will be comparatively but little disturbed from its place 
(S60 ) "Whether the earth move round the sun, the sun 
round the earth, or both round their common centre of grav- 
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jty, will make no difference, fo far ns appeannccs are con 
cemed, provideil the stars be sappo^cd RufTicicntly dwtant 
to undergo no ecnsiblc apparent ptiraUacUc displacLtnent by 
the motion so attributed to the cartli W'bcther they are bo 
or not must still be a matter of inquiry, and from the ab 
sence of anj measurable amount of such diaplaccraont, no 
can conclude nothing but this, that the scale of the sidereal 
unnerso is bo great, that the mutual orbit of the earth and 
sun may be regartlcd os an imperceptible point in cornpan 
son with the distance of its nearest members Admitting, 
then, tn conformity witli the laws of d) namics that two 
bodies connected wiiii and rcrolnog about each other in 
free space do, to fact rcioho about their common centra of 
gravity, which remains immoinblo by their mutual action, 
It becomes ft matter of further inquire, teherealoiiH between 
them this centre is situated Mechanics teach us that its 
place will divide their mutual distance in the inverse ratio 
of tbeir tcnyhls or and calculotions grounded on 

phenomena, of which an account will be given farther on, 
vnloTtn Tis \bal. ratio, in the cast oi the sun and earth, is 
actually that of SW936 to 1 — the sun being, m that propor 
tion, more pomleroua than the earth From this it will fol 
low that the common point about which the} both circulate 
18 only 267 miles from the sun’s centre, or about nVrtb part 
of Its own diameter 

(86i ) Henceforward, then in conformity with the above 
statements, and with the Copernican view of onr system, we 
must learn to look upon the sun as the comparatively mo 
tiooless centre about which the earth performs an annuo] 
elliptic orbit of the dimensions and exccntncity, and with o 
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Velocity, regulated accordmg to tbc law above assigned, the 
Bun occupying one of the foci of the ellipse, and from that 
station quietly disseminating on all sides its light and heat; 
while the earth tratelling round it, and presenting itself dif* 
ierentJy to it at different times of theyenr and day, passes 
through the varieties of day and night, summer and winter, 
which wo enjoy, its motion (art 8M) being from west 'to 
east 

(362 ) In this annual motion of the earth, its axis pro 
serves, at all times, the same direction as if the orbitual 
morement had no existcnee, and is carried round parallel 
to Itself, and pointing always to the same vanishing point in 
the sphere of the fixed stars This it is which gives rise to 
the variety of seasons, as we shall now explain In so 
doing, we shall neglect (for a reason which will be pres 
ently explained) the ellipticity of tbc orbit, and suppose it 
a circle, with the sun in the centre and the four quadrants 
of Its orbit to be described in equal tunes, the motion m a 
Circle being uniform 



(863 ) Let, then, S represent the sun, and A, B, C, B, 
four positions of the earth in its orbit 90® apart, viz A 
that which it has at the moment when the sun is opposite 
to the intersection of the plane of the ecliptic B G, with 
that of the equator F E, B that which it has a quarter 
of a year subsequently or 90” of longitude in advance of 
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A; C, 180* and D, 270* in wUancc of A. In each of thc■^o 
positions let P Q reprc'»ent the axis of the earth, about 
which ita dinrnal rotation n pcrfonnetl «uhout interfering 
with Its annual motion in its orbit Then, since the aun 
can only enfighton one half of the surface at once, viz that 
tamed toward it, the shaded portions of the globe in its 
Several poaitiona will represent the dark, and the bright, 
the enlightened halves of the earth’s surface in thtso posi* 
tions Now, let, m the position A, the sun is vertically 
over the intersection of tho equinoctial F K and the ecliptic 
n G. It 18 , therefore, in the vernal equinox, and m this 
position the poles P, Q, both fall on tho extreme confines 
of tho enlightened side In this position, therefore, it is 
day over half the northern and half tho southern licmi* 
sphere at once, and os the eartli revolves on its axis, 
every point of its surface describes half its diurnal course 
in light, and half in darkness, m other words, the duration 
of day and night is here equal over tho whole globe hence 
the term r^titnoz Tho same bolds good at the autumnal 
equinox on the position C 

(36-1 ) B IS the position of the earth at the time of the 
Tior{/j<rn summer solstice (See art 889 ) Here the north 
pole P, and a considerable portion of the earth’s surface 
in its neighborhood, as far as B, are situated toithtri the 
enlightened Half As the earth turns on its axis in this 
position, therefore, the whole of that part remains con- 
Btantly enlightened, therefore, at this point of its orbit, or 
at this season of the year, it is continual day at the north 
pole, and in all that region of the earth which encircles this 
pole as far as B — that is, to the distance of 23° 27' 80' from 
the pole, or within what is called in geography the archc 
circle On the other hand, the opposite or soutli pole Q, 



294 


OUTLINES OF ASTRONOMY 


■witli all the region comprised witbm the antarctic circle, aa 
far aa 23® 27' 30' from the south pole, are immersed at this 
season in darkness during the entire diurnal rotation, so 
that it IS here continual mgbt 

(365) With regard to that portion of the surface com 
prehended between the arctic and antarctic circles, it is 
no less evident that the nearer any point is to the north 
pole, the larger will be the portion of its diurnal coarse 
comprised within the bright, and the smaller within the 
dark hemisphere, that is to say, the longer will be its day, 
and the shorter its night Every station north of the equa 
tor will have a day of more and a night of less than twelve 
hours’ duration, and vice versd All these phenomena are 
exactly inverted when the earth comes to the opposite 
point D of Its orbit 

(866 ) Now, the temperature of any part of the earth's 
sarf-ice depends mainly on its exposure to the sun’s rays 
Whenever the sun is aboro the horizon of any place, that 
place IS receiving beat, when below, parting with it, by the 
process called radiation, and the whole quantities received 
and parted with m the year (secondary causes apart) must 
balance each other at every station, or the equilibrium of 
temperature (that is to say, the constancy which is observed 
to prevail in the annual averages of temperature as indi 
cated by the thermometer) would not be supported When 
ever, then, the sun remains more than twelve hours above 
the horizon of any place, and less beneath, the general tem 
perature of that place will ho above the average, when the 
reverse, below As the earth then, moves from A to B, 
the da 3 8 growing longer, and the nights shorter m the 
northern hemisphere, the tcmperituro of every part of that 
hemisphere intreascs, and we pass from eprios summer, 
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vhile, at the same time, the reverse obtains in the southern 
hemisphere As the earth passes from B to C, the days 
anil nights again approach to equalitj — the excels of tern 
perature in the northern hemisphere above the mean state 
grows less, as well as its defect m the southern, and at the 
autumnal equinox C, the mean state is once more attained 
From thence to D, and, finally, round again to A, all the 
same phenomena, it la obvious, must again occur, but re 
versed — it be'ing now winter m the northern and summer 
in the southern hemisphere 

(867 ) All this IS consonant to observed fact The con 
tinual day within the polar circles in summer, and night 
in winter, the general increase of temperature and length of 
day as the sun approaches the delated pole, and the re 
versal of the seasons in the northern and sontbero liemi 
spheres, are all facts too well known to require further 
comment The positions A, C of the earth correspond, as 
we have said, to the equinoxes, those at B, D to the sd 
tltees This term must be explained If, at any point, X, 
of the orbit, we draw X P the earth’s axis, and X S to 
the sun, it is evident that the angle P X S will be the 
sun’s polar distance l^ow this angle is at its maximum 
m the position D, and at its minimum at B being in the 
former case = 90° + 23° 28 = 113° 28 , and in the latter 
90° — 23° 28 = 66° 32 At these points the sun ceases 
to approach to or to recede from the pole, and hence the 
name solstice 

(368 a ) Let us next consider how these phenomena are 
modified by the ellipticity of the earth’s orbit and the po 
sition of its longer axis with respect to the line of the sol 
Slices This erApOenj' ix adouV tfutfscrtiert oif 
the mean distance, so that the sun, at its greatest proximity 
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IS nboiit ODC thirtieth of lU mc'in dtataDco nearer us than 
when most remote Since light and heat sre equally dis 
porsed from the sun m *111 directions, and are spread, in 
di\ergiDg, over the surface of a sphere enlarging as they 
recede from the centre, they must diminish jn intensity 
according to the ln^c^so proportion of the surfaces over 
which they arc spread, i « in the inpcr«e ratio of the 
squares of the distances Qcncc the hemisphere opposed 
to the sun will receive in a given time, when hearest two 
thirtieths or one fiftecntii more heat and light than when 
most remote ns may be shown by an eas^ calculation * 
Now, the suns longitude when at its least distance from 
the earth (at which time it is said to be in pengee and the 
earth in its perihelion*) is at present 2S0* 28 in which post 
tion It IS on the Ist of January, or eleven days after the 
time of the uunfer solstice of the norUtern hemisphere or, 
which IS the same thing the summer solstice of the souOiern 
(art Sd4) white on the other hand the sun is most remote 
(in apogee or the earth in its aphelion*) when in longitude 
100” 28 or on the 2d of July * e eleven days after the 
epoch of the northern summer or southern winter solstice 
"We shall suppose however, for simplicity of explanation, 
the perigee and apogee to be coincident with the solstice 
At and about the southern summer solstice then, the whole 
earth is receiving per diem the greatest amount of heat that 
it can receive, and of this the southern hemisphere receives 
the larger share because its pole and the whole r^ion 
within the aotarctio circle is m perpetual suQshine, while 
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the correspondiug nortLero r^ions lie in Bhadoiv. On the 
other hand, at and ahoat the northern anmmer solstice, 
although It IS true that the rcver'«e conditions as to the 
regions illnminated prevail, yet the vrhole earth is then re 
ceinng per diem le«s heat owing to the son’s remotene’s* 
so that on the whole tf the seasons were of equal duration, 
or* in other words, if the angular movement of the earth 
in its elliptic orbit were untfomi, the southern hemisphere 
would receive more heat per annum than the northern, and 
would consequently have a warmer mean temperature 
(368 I ) Such, however, is not the case The anjular 
velocity of the earth in its orbit, as we have seen (art 8o0), 
is not uniform, but varies in the inverse ratio of the square 
of the sun’s distance, that is, in the same precise ratio ns 
hia heating power The momentary supply of heat then 
received by the earth in every point of its orbit vanes 
exactly as the momentary increase of its longitude, from 
which It obviously follows, that equal amounts of heat are 
received from the sun in passing over equal angles round 
It, in whatever part of the ellipse those angles may be sit 
nated Supposing the orbit, then, to be divided into two 
segments by any straight line drawn through the sun, since 
equal angles in longitude (180”) are described on either side 
of this line, the amount of beat received will be equal In 
passing then from either equinox to the other, the whole 
earth receives equal amount of heat, the inequality in the 
iDteosities of solar radiation in the two intervals being pre 
cisely compensated by the opposite inequality in the dura 
tion of the intervals themselves, which amounts to abont 
71 days, by which the oortbern spring and summer are to 
gether longer tban the soafbem 'For tbese intervals are 
to each other in the proportion of the two nnequal seg 
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ments of the whole ellipse into which the line of the 
equinoxes divides it (See art 85S ) 

(368 c ) In 'w hat regards the comfort of a climate and 
the character of ita -vegetaUoii, the intensity of a smumer 
IS more naturally estimated by the temperature of its hot 
test day, and that of a winter by its sharpest frosts, than 
by the mere durations of those seasons and their total 
amount of heat Supposing the excentricity of the earth’s 
orbit were very much greater than it actually is, the posi 
tion of Its perihelion remaining the same, it is evident that 
the characters of the seasons jn the two hemispheres would 
be strongly contrasted In the northern, we should have 
a short but very mild winter with a long but very cool 
summer — i e an approach to perpetual spring, while the 
southern hemisphere would be inconvenienced and might 
be rendered uninhabitable by the fierce extremes caused by 
concentrating half the annual supply of heat into a summer 
of very short duration and spreading the other half over 
a long and dreary winter, ebarpeoed to an intolerable in 
tensity of frost when at its climax by the much gre'iter 
remoteness of the sun 

(369 ) As it is, the diHerence, except under peculiar 
circumstances, is not very striking, being masked to a cer- 
tain extent by the action of another very influential cause 
to be explained in art 370 Tins does not prevent, how 
ever, the direct impression of the solar beat m the height of 
summer — the glow and ardor of his rays, under a perfectly 
clear sky, at noon, in equal latitudes and under equal 
circumstances of exposuro— from being matenall^ greiter 
in the Bouthern heimspbcio than in the northern One 
fifteenth is too considerable a fraotion of the whole in 
tensity of sunshin© not to aggravate in a serious degree 
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the sufferings oi those tor instance who are exposed to it 
in thirsty deserts, without shelter The accounts of these 
sufferings in the interior of Australia are of the most 
frightful kind, and would seem far to exceed what haio 
ever been undergone by travellers in the northern deserts 
of Africa ’ 

• {S69 a ) It must be observed, moreover, that in estimat 
ing the effect of any additional fraction (as one fifteenth) of 
solar radiation on temperatare, wo have to consider as our 
nnit, not the number of degrees above a purely arbitrary 
zero point (such ns the freezing point of water or the zero 
of Fahrenheit's scale) at which a thermometer stands in a 
hot summer day, as compared with a cold winter one, bat 
the Ihsrmometnc interval between the temperatures it indi 
cates m the two cases, and that which it would indicate did 
the sun not exist, which there is good reason to believe* 
wonld be at least as low as 239’ below sere of Fahrenheit 
And as a temperature of 100’ rahrenbeit above zero is no 
uncommon one in a fair shade exposure under a sun nearly 
vertical, we have to take one fifteenth of the sura of these 
intervals (339®) or 23’ Fahrenheit os the least variation of 
temperatare under such circumstances which caa reasonably 
be attributed to the actual variation o! the sun s distance 
(869 & ) In what has been premised we have supposed the 
situation of the axis of the earth s orbit to coincide with 
the line of the solstices, neglecting the difference of about 


' 8m the kccouDt «t CapfaUa Btort • «xp1orat oa In athonspnm Do. 1013 
* The ground was almost a molwa sar&M «Qd il a match acc dentallj fell upon 
it, It alolf Ign led. Th« aoUior has obserred lbs temperatare of the eur 

{ace 80 1 ID South Africa aa b gb u ISO* Fahrenhe t. An ordluarj lucifer match 
does DOC ign te wbeo a tnpl/ preesed apoo a smooth surface at 312* but in 
act of mtMrovtns U U tahea fire and Ae el gblesl foct oa upon such a aarf^ 
of course Ignites iu 

' See Mctsoboloot Znejd Bm. (new edlcion) Art 3S, 
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- eleven days’ motion at present existing between them But 
this near coincidence has not always been the state of 
things, and will not alw& 3 ^ continue to be so By the 
eSect of precession (art 312), both the line of equinoxes 
and tho'^e of solstices retreat on the ecliptic by an annual 
angular movement of 60* 1, which cause alone would carry 
them round, with respect to the axis of the earth’s ellipse 
through a complete revolution, in 25868 years And m this 
period, supposing the axis to retain a fixed position, the 
perihelion would come to coincide auccessively in longitude 
with both the solstices and with both the equinoxes But, 
besides this owing to the operation of causes hereafter to 
be explained the axis does not remain so fixed, but shifts 
Its position with a much slower angular movement, of 11' 8 
per annum tn the opposite direction to that in which preces 
Bion carries the line of equinoxes, and by which movement 
alone, if uniformly continued the direction of the axis itself 
would be earned entirely round the whole circumferenco of 
the ecliptic m an immensely long period (no less than 109830 
years) Thus then we see that the vernal equinox and the 
perihelion recede from each other by the joint annual 
amount of 61' 9 or a degree in 68 16 years, which is, in 
effect, the same as if the penheliou made a complete revo 
lotion with reference to « fixed equinox in 20P8i ycirs In 
consequence of this joint vanation then the place of the 
perihelion must ha\e coincided with the vernal equinox 
(or have been situated to longitude 0°) about 4000 jears 
before the Christian era and in longitude 90® about A D 
1260 and will bo situated in longitudes 180® and 270® 
respectively about tfie years AD 6500 and 11700 At 
the latter of these epochs, the case we have considered m 
the foregoing articles (868 a e< ) will bo reversed, and tbo 
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estremc summer and winter ol the soatlicrn hemisphere will 
be irausterrod to the northern 

(360 c ) In the immen’«e periods which geologists con 
template in. the past history of the earth, this alternation 
of climates must have happened, not once only, but thou 
«ands of times, and it is not impossible that somo of the 
indications which they have discotercd of the pretalence at 
some former epoch or epochs of widely different climates from 
the present in the northern hemisphere, may bo referable 
in part at least to this cause, though we are very far from 
supposing it competent (even taken in conjunction with 
other variations to he explained further on, which will 
eomctimes go to exaggerate and sometimes to palliate its 
inffucnce) to acconot for the whole of the changes which 
appear to have taken place * 

(870 ) A conclusion of a very remarkable kind recently 
drawn by Professor Dove from the comparison of ther 
mometnc observations at different seasons m very remote 
regions of the globe, may appear on first sight at variance 
with much that is above stated That eminent meteorolo 
gist has shown, by taking at all seasons the mean of the 
temperatures of points diametrically opposite to each other, 
that the mean temperature 0 / the wHoh earth a surface in 
dune considerably exceeds that in December This result, 


* II Heycand (Eitn t de FhllMopbte red ^euse. Pans Imprmiene Du 
rergne) sttr butes more ufiu«tee to thl» cause in h etor cal times than we 
shoald be disposed (o allow ( wbeo for tnateace ha would explain by U tha 
almost total d a-ippoaraoce of the ^t« palm from Judma a nee the t me of PI ny 
at wb cb it appears to hare flourlsbed in perfection A.t that epoch however 
the perlhel on occup ed a s tuatioa only from the December aolatice which 
impliea a d Esceuce between the eon a per h«l at and eolat nsl d stances not ex 
coed a thousandth pare of its msan d stance co respond ng to a d fference of 
a five hundredtl part in tbo solar rod at on. The eCect of thU reckoned on tho 
principles exphuned In |] e text we ild not exceed two thirds of a degree Fohr 
in the TD ds mmer temperature of Judva at noon See also ha D acours aur 
la Constitut on phys que de la Terre (£'ne{w&9 <d e AouttUt) 
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which IS at variance with the greater provirnity of the sun 
in December, is, however, due to a totally different and 
very powerful cause — the greater amount of land in that 
hemisphere which has its summer solstice in June (i e the 
northern, see art 862), and the fact is so explained by him 
The effect of land under auushine is to throw heat into the 
general atmosphere, and so distribute it by the carrying 
power of the latter over the whole earth Water is much 
less effective in this respect, the heat penetrating its depth'’, 
and being there absorbed, so that the surface never acquires 
a very elevated temperature even under the equator 

(371 ) The great key to simplicity of conception in as 
tronomy, and indeed, in all sciences where motion is con 
cerned, consists in contemplating eveiy movement as re 
ferred to points which are either permanently fixed, or so 
nearly so as that their motions shall be too small to inter 
fere materially with and confuse our notions In the choice 
of these primary points of reference, too, we must endeavor, 
as far as possible, to select such as have simple and sym 
metncal geometrical relations of situation with respect to 
the curves descnbed by the moving parts of the system, 
and which are thereby fitted to perform the olHco of natural 
centres — advantageous stations for the eye of reason and 
theory Having learned to ottribnta an orbital motion to 
the earth, it loses this advantage which is transferred to tbo 
sun, as the fixed centre about which its orbit is performed 
Precisely as when embarrassed by the earths diurnal mo 
tioD, we have learned to tran'^fer, in imagination, our station 
of observation from its surface to its centre, by the applies 
tion of the diurnal parallax, so, when wo come to inquire 
into the movements of the planets we shall find ourselves 
continually embarrassed by the orbital motion of our point 
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of view, oole^s, by the consideration of the onn«a/ or Acfio 
ctnlrtc parallax, we consent to refer all our observations on 
them to the centre of the sun, or rather to the common 
centre of gravity of the aun, and the other bodies which 
are connected with it m our system 

(372 ) Hence arises the distinction between the geocentric 
and heliocentric place of an object The former refers its 
situation in space to an imaginary sphere of infnite radius, 
having the centre of the earth for its centre — the latter to 
one concentric with the son Thus when we speak of the 
leliQcentnc longxtvdcs and latitudes of objects, we suppose 
the spectator situated in the sun and referring them by 
circles perpendicular to the plane of the ecliptic to the 
great circle marked oat m the heavens by the infinite pro 
longation of that pUne 

(878 ) The point in the imaginary concave of an infinite 
heaven to which a spectator in the sun refers the earth, 
must of course be diameincally opposite to that to which 
a spectator on the earth refers the sun’s centre, consequently 
the heliocentric latitude of the earth is always nothing and 
lU helioccntnc longitude always equal to the sun s geocentric 
longitude + 180® The beliocentnc equinoxes and solstices 
are therefore the same as the geocentric reversely named, 
and to conceive them we have only to imagine a plane 
passing through the sun s centre parallel to the earth s 
equator and prolonged infimtely on all sides The line of 
intersection of this plane and the plane of the ecliptic is the 
line of equinoxes and the solstices are 90® distant from it 
(374) "Were the earths orbit a circle described with a 
uniform velocity about the sun placed in its centre nothing 
could ’oe easier *^1001 Vu iflJrtjtfnfwj 'Os qiuartimj ifi any "iiine 
witl respect to the line of equinoxes or its longitude for 
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vre should only have to reduce to numbew the proportion 
following, VIZ One year the time elapsed SBO® the arc 
of longitude passed over The longitude so calculated is 
called m astronomy the mean longitude of the earth But 
since the earth s orbit is neither circular, nor umforraly 
described, this rule will not give us the true place in the 
orbit at any proposed moment Nevertheless, as the excfen 
tricity and deviation from a circle are small, the true place 
will never deviate very far from that so determined (which, 
for distinction's sake, is called the mean place), and the 
former may at all times be calculated irom the latter, by 
applying to it a correction or equation (as it is termed), 
whose amount is never very great, and whose computation 
is a question of pure geometry, depending on the equable 
description of areas by the earth about the sus For since, 
m elliptic motion according to Kepler’s law above stated, 
areas not anglee are described uniformly, the proportion 
must now be stated thus,— One year the time elapsed 
the whole area of the ellipse the area of the sector swept 
over by the radius vector m that time This area there 
fore, becomes known, and it is then, os above observed, a 
problem of pure geometry to ascertain the angle about the 
sun (X S 2, yfy art 862) which corresponds to any pro 
posed fractional area of the whole ellipse supposed to be 
contained in the sector X Z S Suppose we set out from 
X, the perihelion, then will the angle X S Z at first increase 
more rapidly than the mean longitude, and ^ill, therefore, 
during the whole semi revolution from A to M, exceed it 
ID amount, or, m other words, the true place will be in 
advance of the mean at M, one half the year will have 
elapsed, and one half the orbit have been described, whciher 
It bo circular or elliptic Here, then, the niran and true 



OUTLIXES OF A3TI^0^03rY 805 

places coincide, but in all ibe other half of the orbit, from 
II to A, the true place will fall short of the mean, since at 
M the angalar motion is slowest, and tho true place from 
Ibis point begins to lag behind the mean— to make np with 
It, however, as it approaches A, where it once more over 
takes It 

^876 ) The quantity by which the (rue longitude of the 
earth differs from tho mean longitude is called the equation 
of the centre, and is additive during all the half year in 
which the earth passes from A to M, beginning at 0® 0 0*, 
increasing to a maximum, and again diminishing to zero at 
hf, after which it becomes subtractiie, attains a maximum 
of Bubtroctive magnitude between M and A, and ogam 
diminiahes to 0 at A Its maximum, both additive and 
subtractive, is 1® 55 S3' 8 

(876) By applying, then, to the earth’s mean longitude 
the equation of the centre corresponding to any given time 
at which we would ascertain its place, the true longitude 
becomes known, and since the sun is always seen from the 
earth in 180® more longitude than the earth from the sun, 
in this way also the sun » true place in the ecliptic becomes 
known The calculation of the equation of the centre is 
performed by a table constructed for that purpose, to be 
found in all “Solar Tables “ 

(377 ) The maximum value of the equation of the centre 
depends only on the elhplicity of the orbit, and may be ex 
pressed in terms of the excentncity Vtce lersd, therefore, 
if the foTmer quantity cao be ascertained by obseivation the 
latter may be derived from it, because, whenever the law, 
or numerical connection between two quantities is known, 

assiduous observation of the sun s transits over the mend 
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lan, we can ascertain, for every day, its e'^act right ascen 
fiion, and thence conclnde ila longitude (art 809) After 
this, it 13 easy to assign the angle by which this ohserted 
longitude exceeds or falls short of the mean, and the great 
est amount of this excess or defect which occurs in the 
whole year is the tnaximnin equation of the centre This 
as a means of ascertaining the excentncity of the orbit, is a 
far more easy and accurate method than that of concluding 
the sun's distance by measoring its apparent diameter The 
results of the two methods coincide, however, perfectly 

(378 ) If the ecliptic coincided with the equinoctial, the 
effect of the equation of the centre, by disturbing the uni 
formity of the sun s apparent motion in longitude, would 
cause an inequality in its time o! coming on the meridian 
on successive days When the sun’s centre comes to the 
meridian it is apparent noon, and if its motion in Jongitode 
were uniform, and the ecliptic coincident with the equinoc 
tial, this would always coincide with the mean noon, or the 
stroke of 12 on a well regulated solar clock. But, inde 
pendent of the want of uniformity in its motion, the ob 
hquity of the ecliptic gives nse to another inequality in this 
respect, in consequence of which, the sun, even anppooing 
ita motion in the ecliptic uniform would yet alternately, in 
its tune of attaining the meridian, anticipate and fall short 
of the mean noon as shown by the clock ^'or the right as 
cension of a celestial object forming a side of a right angled 
spherical triangle of which its longitude is the hypothenuse, 
it is clear that the uniform increase of the latter must neces 
sitate a deviation from unifomiity m the increase of the 
former 

(379 ) These two caases, then, acting conjointly, pro 
duce, in fact a very considerable fluctuation in. the time as 
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showo per clock, when the buq really attains the meridian 
It amounts, in fact, to upward of half an hour, apparent 
noon sometimes taking place as much as 16i min before 
mean noon, and at others as much as 14i min after This 
difference between apparent and mean noon is called the 
equation of time, and is calculated and inserted in ephemer 
ides* for every day of the year, under that title or else, 
which comes to the same thing, the moment, in mean (me, 
of the sun’s culmination for each day, is set down as an 
astronomical phenomenon to bo observed 

(380) As the sun, in its apparent annual course, is car 
ried along the ecliptic, its declination is continually varying 
between the extreme limits of 23° 27 80 north, and as mneh 
south, which It attains at the solstices It is consequently 
always vertical over some part or other of that zone or belt 
of the earth's surface which lies between the north and 
south parallels of 23° 27 30 These parallels are called in 
geography the tropics, the northern one that of Cancer, and 
the southern, of Capncom, because the sun, at the respec 
tive solstices is situated in the divisions, or signs of the 
ecliptic so denominated Of these signs there are twelve, 
each occupying 30° of its circumference They commence 
at the vernal equinox, and are named m order — Aries, 
Taurus, Gemini Cancer, Leo, Virgo, Libra, Scorpio, Sagit 
tanus, Oapneornus, Aqaarius, Pisces They are denoted 
also by the following symbols — “Y* Bn 2 SSl,’!K= 2 »’’l / 

17 X Longitude itself is also divided into signs, de 
grees, and minutes, etc Thus 5* 27° 0 corresponds to 
177° 0 


** Tber re&j be remembered bj the following memorial hosameters — 
SttQt 4^r ea Taurtw Gem dI Cancer Leo Virgo 
L braqoe Scorpios Arclioiens Caper Amphora, Puces 
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(381 ) These Si^ns nro purely tcohnjcfl! subdivisions of 
the ecliptic, commencing from the actual equinox, and are 
not to bo confounded with tho cons/trf/rt^Kms bo called (and 
sometimes bo symbolized) The constellations of tho zodiac, 
as they now stand arranged on tho ecliptic, are all a fall 
“sign ' in ad\anco or anticipation of their symbolic cogno 
mens thereon marked Thus tho constellation Aries aCtu 
ally occupies the sign Taurus 3, the constellation Taurus, 
the sign Gemini n, and so on, the txgns having retreated " 
among tho stars (together with tho eqniaox their origin), by 
the effect of precession Tho bright star Spica in the con 
stelhtion Virgo (<* Virginis), by tho observations of Ilippar 
chus, 128 years B C , preceded, or was westward of the 
autumnal equinox m longitude by 6* In 1760 it followed 
or stood eastward oC the same equinox by 20'^ 21 Its place 
then, as referred to the ecliptic at the former epoch, would 
bo in longitude 6* 24^ 0 , or in the 24th degree of the sign st,, 
whereas m the latter epoch it stood in the 2lst degree of r^, 
the equinox having retreated by 26” 21' in the interval, 1878 
years, elapsed To avoid this source of misunderstandiag, 
the use of ' signs” aod their symbols in the reckoaing of 
celestial longitudes is now almost entirely abandoned and 
tho ordinary reokoning (by degrees, etc , from 0 to 360) 
adopted m its place, and the nomes Aries, Virgo, etc , are 
becoming restricted to the constellations so called ” 

(382 ) When the sun is in either tropic it enlightens as 
we have seen the pole on that side the equator, and shines 

Hetreated 3 here used irlth nferenco to longitude not to the apparent 
d urnal motion 

'* Wlien lioweTOr the place ot the sun ta spolcen of the old usage prevails. 
Thna 11 eiy thfe w-O. » to. Aims (t wouM ha interpratticl to mean between 
0* and 30* of long tude So sleo the first po nl of Ar cs s still i nderstood 
to mean the vernal and the first po nt of li bra the aucuroosl equinox and 
so in a fevr other cases 
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over or beyond it to the extent of 23* 27' 80*. The parallels 
of latitude^ at this distance from either pole, are called the 
polar etrc?M, and are dislmgmsbed from each other by the 
names arctic and onfarctic The regions within these circles 
are sometimes termed frtgid rones, while the belt between 
the tropics is called the tomd rone, and the intermediate 
belfe temperate rones These last, however, are merely 
names given for the sake of naming, ns, in fact, owing to 
the didereat distnbntion of land and sen in the two bcmi 
spheres, zones of climate are not co terminal with zones of 
latitude 

(38S ) Onr seasons ate determined by the apparent pas 
sages of the snn across the cqnmoctial, and its alternate 
arrival m the northern and southern hemisphere Were 
the eqoiDox invariable, this wonld happen at intervals pre 
cisely equal to the duration of the sidereal year, bat, m 
fact, owing to the slow conical motion of the earth’s axis 
described in art 817, the equinox retreats on the ecliptic, 
and meets the advancing son eomewbat be/ore the whole 
sidereal circait is completed The annual retreat of the 
equinox la 80’ 1, and this arc is described by the sun in 
the ecliptic in 20* 19* 9 By eo much shorter, then, is the 
periodical return of our seasons than the true sidereal revo 
lation of the earth round the sun As the latter period, or 
sidereal year, is equal to 365* 6* 9" 9* 6, it follows, then, that 
the former must be only 365* 6' 48” 49' 7 and this is what 
18 meant by the tropical year 

(884) We have already meotioaed that the longer axis 
of the ellipse described by the earth has a slow motion of 
11* 8 per annum in advance From this it results, that 
when the earth, setting out from the perihelion, has com 
pleted one sidereal period, the perihelion will have moved 
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(SSl.) Thcao Signa nro purely tooUnical sabflmsioDB of 
the echptic, commencing from tho actual equinox, and aro 
not to bo confounded with tho conslellntions bo called (and 
sometimes bo symbolized) The constellations of the zodiac, 
as they now stand arranged on tho ecliptic, are all a full 
“sign” in advance or anticipation of tbcir symbolic cogno* 
mens thereon marked Thus tho constellation Aries aCtu* 
ally occupies the sign Taurus y, the constellation Taurus, 
the sign Gcmiui n, and so on, the at^ns having retreated “ 
among the stars (together with tho equinox their origin), by 
tho effect ol precession Tho bright star Spica in the con 
stellation Virgo (« Virginis), by the observations of Happar* 
chus, 128 years B 0 , preceded, or was westward of the 
antumnal eqatnoz in longitude by 6’ In 1750 it followed 
or stood eastward of the same equinox by 20’ 21'. Its place 
then, as referred to the ecliptic at the lormer epoch, would 
bo in longitude 5* 24’ 0 , or lo the 24th degree of the atgn stt 
whereas in the latter epoch it stood in the 21st degree of ti)j, 
tho equinox having retreated by 26” 21' in the interval, 1878 
years, elapsed. To avoid this source of misunderstanding, 
the use of "signs ’ and their symbols in the reckoning of 
celestial longitudes is now almost entirely abandoned, and 
tho ordinary reckoning (by degrees, etc , from 0 to 360) 
adopted in its place, and tho names Aries, Virgo, etc , aro 
becoming restricted to the constellations so called " 

(382 ) When the sun is in either tropic, it enlightens, as 
we have seen, the pole on that side the equator, and shines 

" Helrealei la here used with reference to long\l\idt not to the apparent 
diurnal notion 

” When however iho place of live Bon is spoken of the old usage prevails. 
Thus If we 8^ the eun la in Ajies ’ it would be Interpreted to mean between 
0* a d 30* of foogitude So also ‘‘the first point of Aries' is still understood 
to mean the vernS and ‘ the first point of labrs ’’ the autumnal equinox and 
80 in a few other cases 
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OTCT or bojoBd U to tho extent of 23’ 27 SO’ The piralleU 

of laUtude, at thia diettnce from eitber pole, are called the 
polar crrclM, and are distingombed from each other by ibo 
names arelie and antarelie The regions nithm these circles 
are fiometimas termed /riywf cones, rrbilc the belt between 
the tropics is called the tomi cone, and the intermediate 
belfe temperate zemei These last, howerer, ore merely 
Btitucs given, for the s&Lo of naroiog, os, in fnct, owing to 
the diSerent dialn^iQtion oi land and sea in the two hcmi 
sphs^res, zones of climale aie not co terminal with zones of 
laiiluffe 

(383 ) Onr seasons are detormincd by the apparent pas 
eages of the sun across the equinoctial, and its aUemato 
arrival in the northern and eoothem bcmwpbere Were 
the equinox invariable this would happen at intervals pre 
ewely equal to the duration of the avdercal year, but in 
fact owing to the alow conical motion ot the earth’s axis 
described in art S17, the equinox retreats on tho ecliptic 
and meets the advancing sun somewhat he/ore the whole 
sidereal circuit is completed The annual retreat of the 
equinox is 60' 1, and this arc is described by tho sun in 
the ecliptic in 20* 19* 9 By so much shorter, then, is tho 
periodical return of our seasons than the true sidereal revo 
lution of the earth round the sun As the latter period, or 
sidereal year, is equal to S65* 0- 9* 6, it follows, then, that 

the former most be only 3(!a< 6' 48" 49- T nnd thin is’wliat 
13 meant by the tropical year 

(384) We hnee nlteady mentioned that tho longer axis 
of the ellipse deecrihed by the earth ban a alnir mot. ... ot 
11-8 per annnm in adrm.ee From this it that 

trhen the earth, setting ont from the perihelion, has com 
pleted one mdereal period, the perihelion will hare mored 
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lorwarii bj 11' 8, wbicb arc must bo dcscnbed hy the earth 
before it cm ogam rcocJi tbo perihelion In so doing, it 
occupicB 1" 8f>‘ 7, and this moat tborcforo bo added to the 
Bidereol period, to givo tbo interval bctiroen two consecn 
tivo returns to tbo penholioo This intcnnl, then, is 
865' 6^ 18" 10 8,” and is what is called the anomahsUc 
year All these periods have their uses in astronomjr^ hot 
thivtm which mankind in general ore most interested is tAe 
tropical year, on which the return of tho seasons depends, 
and which ^^o thus perceive to bo a compound pbonomenon, 
depending chiefly aad dircctlj’ on tho annual revolution of 
the earth round the suq, but subordinntelj also, and lodl 
rcQtl>, on Its rotation round its own asis, which is what oo 
casions the precession of the equinoxes, thus aflordiDg an 
mstructite example of the way in which a motion, once ad 
mitted in any part of our system, may bo traced in its tnila 
cnce on others with which at 0rst sight it could not possibly 
be supposed to iiave anything to do 

(885 ) As a rough considerotion of the appearance of the 
earth points out the general roundsess of its form, and more 
exact inquiry has led us first to the discovery of its ellntic 
figure, and, in the further progress of refinement to the per 
coptton of minuter local deviations from that figure, so, lo 
lavestigating the solar motions, the first notion we obtain is 
that of an orbit, generally speaking, round, and not far from 
-1 circle, which, on more careful nnei exact examination, 
proves to be an ellipse of small excentncity, and described 
in conformity with certain laws, ns above stated Still 
minuter inquiry, however detects yet smaller deviations 


T) esQ oum^era ns well as iDoat of U e other nomerlcol dsta of oar eystem, 
Ore taken from Mr Ba I; 4 Astronom cal Tables and Formula] 
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again from this form and from these laws, of which wo have 
a specimen in the slow motion of the axis of the orbit 
spoken of in art. 372; and which are generally compre- 
hended under the name of perturbations and secular in- 
equalities. Of these deviations, and their causes, we shall 
speak hereafter at length. It is the triumph of physical 
astronomy to have rendered a complete account of them all, 
and to have left nothing unexplained, either in the motions 
of the sun or in those of any other of the bodies of our sys- 
tem. But the nature of this explanation cannot be under- 
stood till we have developed the law of gravitation, and ear- 
ned it into its more direct conseqnences. This will be the 
object of oor three following chapters; in which we shall 
take advantage of the proximity of the moon, and its imme- 
diate connection with and dependence on the earth, to rea- 
der It, as It were, a steppiog-stoae to the general explanation 
of the planetary movements. We shall conclude this by 
desenbtog what is known of the physical constitution of the 
sun. 

(386.) "When viewed through powerful telescopes, pro- 
vided with colored glasses, to take off the heat, which would 
otherwise injnre our eyes, the sun is observed to have fre- 
quently large and perfectly black spots upon it, surrounded 
with a kind of border, less completely dark, called a penum- 
bra. Some of these are represented at a, b, e, d, m Plate I. 
fig. 2, at the end of this volume. They axe, however, not 
permanent. "When watched from day to day, or even from 
hour to hour, they appear to enlarge or contract, to change 
their forms, and at length to disappear altogether, or to 
break out anew in parts of the surface where none were be- 
fore. In such cases of disappeataace, the central dark spot 
always contracts into a point, and vanishes before the bor- 
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<ler Occa^jonnllj llio^ breik uji, or divide into two or 
more, nnd in those casea offer every ovidenco of that t^s. 
Ircmo mobility which belongs onJ> to tbi, fluid slate, and of 
that ejceesaiveJy violent aviation trhieh seem^ onJj comfiiU 
bit with the atmospheric or gwcoua state of matter The 
scale on which their movements take place is immense A 
single second of angular measure, ns seen from th<i erfhth, 
corresponds on the sun s disk to ddl miles, nnd a circle of 
this diameter (containing therefore near!) 167000 square 
miles) la tho least space which cm be distinctly discerned 
on the ann as a xisxble area Spots have been observed, 
however whoso linear diameter lias been upward of 4500Q 
miles '* and even if some records arc to bo trusted, of very 
much greater extent * That sneh n spot should close up in 
SIX weeks time (for they seldom last much longer) its bor 
ders must approach at the rate of more than 1000 miles a 
day 

(887 ) Many other circumstances tend to corroborate this 
view of the subject The part of the sun s disk not occu 
pied by spots is far from uniformly bright Its ground is 
dnely mottled with no appearance of minute, dark dots, 
or ^orea which, when attentively watched are found to 


* tl&7«r Obs Mar IB 1S68 loKena macula (n sole coogp c ebatur 
cojos diameter am eol a 

u UaU tbe auu a d ale a as d Is c«rtatn aacieat annals to hare been obscured 
bj' spots. Tbls Is monstrous— but on «( least tirooccas ons before tbeinrentios 
of teloscopos spots bare seen nltti Ibe Dobed e^o. M OauUer (BIbl UntT 
deGenere JitlymdAag 1S93) nieat one es one of the largiest spots on record 
that obserred % S r W Herseb^ in 1VT9 which he there states to hare h^n 
4V0" in d ameter or 16 1 times that of the earth I have not been able to ren^ 
the citation The great spot of 11T9 mentioned bpSrW H (Phil Tr 1195) 
03 hOTing been seen with the naked eje cons sted he sa;B of two parts the 
largest of which measured IS OS in diameler which is equal io length to 
more than SVBOB m les &>Ui t^eUier he adds ‘most certainly haw 
extended obore 60000 This eorresponds ^ 213 which is not a fourth part 
of M Qanner a quanuty moreorer iW on the bud b d ak corfesponda not to 
25 7 hut to 27 3 duimetere of the earth added to 18S8 ) 
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tensive groups of tliem, largo Bpaces of tlie sur/ato are often 
ob-^crvccl to bo covered wJtli strongly marked carved or 
branching streaks, moro luminous than the rest, called 
/acuhe, and among these, if not already existing, spots 
frcquontl/ break out Tiiej may, perhaps, be regarded 
with most probability as tho ndges of immense waves in 
tbo luminous regions of tho sun's atmosphere, indicative 
of violent agitation in tbcir neighborhood They are most 
commonly, and best seen, toward the borders of the visible 
disk, and their appearance is as represented in Plate I fig 1 
(SS9 ) But what ore tho spots? Jfnny fanciful notions 
have been broached on this subject, but only one seems to 
havo any degree of physical probability, viz that they are 
tbe dark, or at least comparatively dark, solid body of the 
suQ Itself, laid bare to our new by those immense iluctua 
tions to the luminous regions of its atmosphere, to which it 
appears to bo subject BespecUng the manner in which 
this disclosure takes place, different ideas again bore boon 
advocated Lalaode (art 3240) suggests that eminences m 
the nature of tuountaios are actually laid bare, and project 
above the luminous ocean, appearing black above it, while 
their shoaling declivities produce the penumbr®, where the 
luminous fluid is less deep A fatal objection to this theory 
IS the uniform shade of the penumbra and ita sharp termina 
tion, both inward, where it joins the spot and outward, 
where it borders on the bright surface A more probable 
view has been taken by Sir 'Wilbam Herschel, ’ who con 
aiders the luminous strata of tbe atmosphere to be sustained 
far above the level of tbe sobd body by a transparent elastic 
xaediaza, carrying on 2 is a^er sarisce (nr ra})ifr^ to avoid 
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the former objection at some comider xhhj loner hid uilhin 
i^s tlepQ^ 1 cloudy etrttam which being strongly illanii 
nntecl from nbo\e, reflects a con 
sidenble portion of tho light to 
our eyes, and forms a pennmbn, 
while the solid body shaded by 
the clouds reflects none (See Jig ) 

The temporary removal of both 
the strata, but more of the upper 
tlian the lower, he supposes ef 
fected by powerful upward cor 
rents of the atmoaphere, arising, perhaps, from spiracles 
in the body or from local agitations 

(889 a ) Such was the state of our knowledge of the ap 
pearance and constitution of the solar spots at the time when 
this work first issued from the pre«s But m 1851 a further 
step toward penetrating the mystery of their nature was 
made by that e'ccellent and indefatigable observer kfr 
Dawes, who availing himself of the ingenious contrivance 
described in art 201 e has been enabled to scrutinize the 
interior of the pennmbrje of the spots under high magnify 
ing powers, in perfect security aod with all the advantage 
which the absence of extraneous glare confers on the exami 
nation of feebly illuminated objects So viewed he has 
found the blacker portions occupying the middle of the 
penumbra, and which to former observers appeared so dark 
and BO uniform as to lead them to believe it to be the son s 
actual surface seen through an aperture in an extenor en 
velope — to be itself, only an additional and inferior stratum 
of very feebly luminous (or illuminated) matter, which he 
has called “the cloudy stratum,’ which again in its turn is 
frequently seen to be pierced with a smaller and usually 
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much more rounded aperture, which would Roem at length 
to nilord a mow of the real solar surface of most intense 
blackness Figs 4, 0, Plate I , represent spots so seen on 
28d December, 1851, and 17th January, 1852 In tracing 
the changes in the spots, from day to day, Mr Dawes has 
also been led to conclude, that, in many instances, they 
have a movement of rotation about their own centres ‘This 
was particular!} remarkable m the spot of 17th January, 
which between that date and 23d January had revolved in 
Its own plane through an angle of more than 90°, the 
“cloudy stratum, ” which its central aperture, presenting 
Itself under the aspect represented at b Qg 6, instead of 
that at a, which it onginally had, its general form remain 
ing all the while unchanged 

(890 ) When the spots are attentively watched, their 
situation on the disk of the son is observed to change 
They advance regularly toward its western limb or border, 
where they disappear, and are replaced by others which 
enter at the eastern limb, and which, pursuing Ibeir respec 
tire courses, la tbeic taro disappear at tbe western Tie 
apparent rapidity of this moremexit is not uniform, as it 
would be were the spots dark bodies passing, by an inde 
pondent motion of their own, between the earth and tbe 
sun, but IS swiftest in the middle of tbeir paths a‘'ross 
tbe disk, and very slow at its borders This is precisely 
what would be the case supposing them to appertain to and 
make part of the visible surface of the sun s globe and to 
be earned round by a umform rotation of that globe on its 
axis, BO that each spot shonld describe a circle parallel to 
the sun s equator, rendered elliptic by the effect of perspec 
tire Their apparent paths also across the disk conform to 
this view of their nature, being, generally speaking, ellipses, 
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much elongated, concentric with the fiun’s disk, each ba\ing 
one of Its chords for its longer axis, and all these axes 
parallel to each other At tao periods of the year only do 
the spots appear to describe straight lines, iiz on and near 
to the 4th of June and 6th of December, on which dajs, 
therefore, the plane of tho circle, which a spot sitnated on 
the sun’s equator describes (and consequently, tho plane 
of that equator itself), passes through the earth Ilente it 
13 obvious, that the plane of the sun’s equator is inclined to 
that of the ecliptic, and intersects it in a line which passes 
through the place of the earth on these days The situation 
of this line, or the line of the nodes oj the <tm s equator as it 
IS called, is therefore, defined by the longitudes of the 
e'lrth as seen from the sun at those epochs, which, accord 
mg to Mr Carrington, are respectively 78' 40 and 258“ 
40 (»73* 40 4-180*) for 1850, being of course dnraetncally 
opposite m direction 

(891 ) The inclination of the sun s axis (that of the plane 
of Its equator) to the ecliptic is determined b} ascertaining 
the proportion of the longer and the shorter dnmeter of the 
apparent ellipse described by any remarkable well defined 
Epot, in order to do which, its apparent place on the sun s 
disk must be very precisely ascertained by microm^tnc 
measures, repeated from day to day as long as it continnes 
visible (nsually about 12 or 13 days, according to the mag 
nitude of the spots, which always vanish by the efiect of 
foreshortening before they attain the actual border of the 
disk — ^but the larger spots being traceable closer lo the Ixmb 
than the smaller”) The reduction of such observations, or 


’* The (ire&t spot of December, ITIS, u stated to bare been seen as a Docdi 
1 b the Lmh of tbe eon- 
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tho conclusion from them of tbo element in question, is 
complicated with tho effect of the earth’s motion in the 
interval of the observations, and with its situation in the 
ecliptic, with respect to tho line of nodes For simplicity, 
we will suppose tho earth situated os it is on tho 4th of 
March, in a line ht right angles to that of the nodes, t e 
in the heliocentric longitude IBS” 40 , and to remain there 
stationary during the whole passage of a spot across ^the 
disk In this case the axis of rotation of tho son will be 
situated in a piano passing through the earth and at ngbt 



angles to the plane of the ecliptic Suppose 0 to represent 
the sun’s centre, P C p its axis, E C the line of sight, P IT Q 
A p S a section of the sun passing through the earth, and 
Q a spot Situated on its equator, and in that plane, and con 
sequently m the middle of its apparent path across the disk. 
If the axis of rotation were perpendtcaJar to the ecliptic, as 
N S, this spot would be at A, and would be seen projected 
on 0, the centre of the sun It is actually at Q, projected 
upon D, at an apparent distance 0 D to the north of the 
centre, which is the apparent smsller semi axis of the ellipse 
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described by the spot, which being known by raicrometric 
measurement the value of or the cosine of Q C K, the 

inelmation of the sun s equator becomes known, C K being 
the apparent semi diameter of the sun at that time At this 
epoch, moreover, the northern half of the circle described 
by the spot is visible (the southern passing behind the body 
the snn) and the south pole p of the sun is within the 
vistblo hemisphere This is the case in the whole interval 
from December 6th to June 4th daring which the visual 
ray falls upon the southern side of the snn s equator The 
contrary happens lu the other half year, from June 4th to 
December 5th and this is what is understood when we say 
that the ascending node (denoted A) of the sun s equator 
lies in 73^ 40 longitude— a spot on the equator passing that 
code being thea«iD the act of ascen hng from the southern 
to the Dorthern side of the plane of the ecliptic— such being 
the conventional language of astronomers in speaking of 
these matters 

(392 ) If the observations are made at other seasons 
(which, however, are the less favorable for this purpose 
the more remote they are from the epochs here assigned), 
when, moreover as in stnetness is necessary the motion 
of the earth in the interval of the measures is allowed for 
(as for a change of the point of sight) the calcnlations req 
uisite to deduce the situation of the axis in space and the 
duration of the revolntion around it become much more 
intricate and it would be beyond the scope of this work 
to enter into them • According to Ur Carrington g d»^ 


«* 6«e the theorj In Lalande# Astronomr art. 3258 and ji* e»~.f 
computotion in » psper *»/ Pettr»eo Bchumicher s ^»chnchte!^ So. Alt 


of 
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ininattoi) Die inchnn^oa of the jiun ii equator to the ccljptic 
IS about 7®. 15 {its nodes btinj ns abojo staled), and the 
]>criod of rotation 2a dn>» J) hours 7 minutes, the corro 
pponding s) nodm pcnoij being 27 0 bouns 00 minulcs ** 

(09J ) The region of the spots is confined, generaUy 
speaking, vsithin about 2a° on either side of the suns 
equator, bejonU 30* they aro very mreJ} seen, in the 
jiolar regions neter The actual equator of the sun is 
also less frequently Msitccl by spots than the adjacent 
zones on either side, and a very material diilcrence in 
their frequency and magnitude subsists in its northern and 
southern hetnispbcre, those on the northern prepondentmg 
in both respecth Tlie /one comprised between the 11th 
and lOiU degree lo the northward of the cqnator is partic 
ulnrl^ fertile in large and durable spots These circum 
stances, as ^vcll as the frequent occurrence of a more or 
less regular arrangement of the spots, nben numerous, in 
the roaooct of belts parallel to the equator point evidently 
to physical peculiarities in certain parts of the sun’s body 
more favorable than in others to the production of the 
spots, on the one hand, aud on the other, to a general 
infliicnce of its rotation on its axis as a determining cause 
of their distribution and arrangement and would appear 
indicative of a system of movements in the fluids which 
constitute its luminous surface bearing no remote analogy 
to our trade winds — from whatever cause arising (See art. 
239 et seq ) 

(394 ) The duration of individual spots is commonly not 


Tbeso per ods ftro ILpse of b spot in lieliagrapliic latitude 15* K or S of 
tie 8UO a equator Owing to solar stmosp&er C tfrift lie pernais v/ 
deduced from obserraBous of spots Id bigb or low lioliofrapli c lat tudes dilier 
cons derably [See Not® G g 337 e e ] 
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great, some are formed and disappear wjthm the limit of 
a siDgie traesit serosa the disk — but such are for the moat 
part small and insignificant Frequently they make one or 
two revolutions, being recognized at their reappearance by 
tlieir situation with respect to the equator, their configura 
tioos tnter thcir size, or other peculiarities, as well as 
by the interval elapsing between their disappearance at one 
limb and reappearance on Ibe other In a few rare cases, 
however, they have been watched ronnd many revolutions 
The great spot of 1779 appeared during six months, ana 
one and the same groupe was observed in 1840 by Schwabo 
to return eight times *• It has been surmised, with, consid 
erable apparent probability, that some spots, at least, are 
generated again and again, at distant intervals of time, over 
the same identical points of the sun’s body (as hurricanes, 
for example, are known to affect given localities on the 
earth's surface, and to pursue definite tracks) The uncer 
tainty which still prevads with respect to the exact duration 
of its rotation renders it very ddhcult to obtain convincing 
evidence of this, nor, indeed, can it be expected, until by 
bringing together into one connected view the recorded 
state of the sun’s surface during n very long period of 
time, and comparing tc^etber remarkable spots which have 
appeared on the same parallel, some precise periodic time 
shall be found which shall exactly conciliate numerous and 
well characterized appearances The inquiry is one of sin 
galar interest, as there can be no reasonable doubt that the 
supply of light and heat afforded to our globe stands in 
intimate connection with those processes which are taking 


u Schaffl. Kach. Ko 41 B p ISO The recent papen of Bele Capoccl 
Bchnabe, Paatoifl and Schmidt, that collection will be fonnd highl/ inter 
eetu^ 
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pHco Oh Itio eolar flurfutc, untl to \slnch the spots jn some 
or Ollier owe their ongi» 

(8m a ) Afeiinwhitc il Schwnhc, of Dessau, bj comjur 
itig together tlio recotJa ot the general state of the sun’s 
surface in roapcLt ol the abundaiico and paucity of spots 
cxliihiltd It from 1826 to 18.X), has boon led to a highly 
rtmarkablo conc.h]<iion, viz that their degree of copious 
iitss IS Hubjtt .1 to a Kw of periodicity, alternate miiuina 
and maxima recurring at nearly equal intervals The in 
terval from minimum to minimum, as well as could be 
ascertained from the tnodcrato interval embraced by the 
obscr\ntions compared, was protisionaJJy estimated by M 
Schaabe at about ten jeirs More recent!}, 31 Wolf, o/ 
Berne, " from a careful asscmblago and discussion of all the 
recorded ob8cr\ation') of 8)>ots wbich could be collected 
from their first tclc'copit discovery (by rabncius and Ear 
not, m 1610) to the pre«cnt time, while fully confirm 
/ ing their periodicity, bus fixed upon the somewhat longer 
period, from mmimum to minimura, of 12^ 21, being ex 
act!} at the rate of nine periods per century, the Inst year 
of each century (1700, 2800, etc ) being o year of minimuro 
In the niiQima there is for the most part an extieme pan 
city, and sometimes an entire absence of spots *' The max 
ima (in which they arc often so copious that 00 or 100 hare 
been counted at once on the disk) do not appear to fall ex 
actly m the middle year between the minima, but rather 
earlier, abont the fifth fonrth, or even the third year of 
the period What is extremely remarkable, and must cer 
tainly be received as strongly corroborative, both of the 


•* Rudolf Woti Transactions of Society of Nat. Phil Berne 1862 
As In 1866 
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general fact of penocUcitj and of the corrcctne‘»3 of SI 
VfoWe period, la, that wo find recorded in history bj' 
chroniclers and annalists on sereral occasions before the 
indention of telescopes, the appearance of spots, or groups 
of spots, so considerable as to have become matter of \ algar 
observation, as for instance in the years A D 807, 840, 109(5 
and 1607,“ and several others m which, though no spots are 
recorded, a great deficiency in the sun's light has been ro 
marked Thus m the annals of the year A D 586, the suo 
18 said to have suffered a great diminution of light, which 
continued fourteen months From October, A D 626, to the 
following June, a defalcation of light to the eictent of one 
half 18 recorded, and in A D 1647 dunng three days, the 
eun IS said to have been so darkened that stars were seen 
in the day time Now of all these instances, supposing 
them all to have been owing to spots, cither unusually 
large or numerous, there are only two, those of A D 807 
and 1607, which deviate so much as two years from the 
epochs of maximum fixed as above 

(394 b ) Sir W Herschel (Ph Tr 1801) considering the 
appearance of abundant spots on the sun s disk as evidence 
of an agitated state of its gaseous envelope, and regarding 
the extrication of light and beat as the results of chemical 
processes likely to be promoted by the more intimate mix 
tare of heterogeneous materials having mutual affinities, 
has attempted to show, though from very imperfect records 
(such as alone could be procured by him at that date) that 
years of remarkably abundant or deficient spots have been 
also remarkable respectively for their high or low general 


Tboco spots vere t&kcn for ptsnou seen on the son 
Venus those of 807 wad 1607 lor Mensrnj 


i, thnt of 840 for 
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temperature, and c^pocinll^ for abundant niid dcfittcnt liar 
vc«w Tlie point In*? been inquired into l)j JI GauDer,** 
wJjo from an n'»<iombhtro of niettorological nuMjres ob 
tamed m thirty three fitationa m Lurope, and lnent\ nine 
in Amenca during c!i.\cn >ear- of ob^crNation, finds a 
triiling prepomlenncc (O’ 11 Filir) iti the opposite direc 
tion On the other Innd M AVolf, m the memoir nbov'e 
cued from an exammntion of the Chronicles of Eunch 
from tho j'car A D 3000 to A 1> 3800 i-* Jed to a conclusion 
in ftecordanco with thia speculation, and con«jdcw them ns 
afTording decisive oiidence “ilmt rich in solar spots 

are in general drier and moro fruitful than tho^e of an oppo 
Bite character, while the latter aro iietter and more storiii7 
than tho iormer 

(8'>4 e ) Although more properly belonging to the do 
mam of general physics than of astronomy, it is jmpoa«i» 
ble to omit mentioning here the singular coincidence of this 
period of the recurrence of tho solar spots m Uh that of those 
great disturbances in the magnetic system of the earth to 
irbicb the epithot of io3£aouc elorma been aSiseil 

These disturbances during which the magnetic needle is 
greatly and utitvemally agitated (not in a particular limited 
locality, but at one and tho same instant of time oter whole 
continents, or even o\er the whole earth), are found, so far 
ns obscr%ation has hitherto extended, to maintain a parallel 
both in respect of their freqoeocy of occurrence and intcn 
Bity in successite years with tho abundance and magnitude 
of the spots m the same years, loo close to be regarded as 
fortuitous The coincidence of the epochs of maxima and 
minima in the two series of phenomena amounts indeed to 


B bl Ud t de Oenere, IS44 
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idt.ntity, a fact cvidititlv at most jnjportniit fij 5 nificancc, 
l)ul \%htch neither a«ironomical nor magnetic science is ^ct 
FutTiciently advanced to interpret 

(305) Above the Inmmous •?arf«cc of tiic sun, and the 
region in which the spots reside, there are strong indications 
of the existence of a gaseons atmosphere hav ing a somcwiiat 
imp*erfect transparcnc} ’When the whole disk, of the sun 
18 seen at once throagh a telescope magnifying raoderatol^y 
enongh to allow it, and with a darkening gla^s such as to 
suffer It to be contemplated with perfect comfort, it is very 
evident that the borders of the disk arc much lc°3 luminous 
than the centre That this is no illusion is shown by pro 
jecting the son s image andarkened and modentoly raagni 
fled, so as to occupy a circle two or three inches in diameter, 
on a sheet of white paper, taking care to have it well m 
focus, when the same appearance will be observed '* This 
can only arise from the circumferential ra^s having under 
gone the absorptive action of a much greater thickness of 
some imperfectly transparent envelope (due to greater ob 
liquity of their passage through it) than the central — But a 
still more convincing and indeed decisive evidence is offered 
by the phenomena attending a total eclipse of the sun 
Such eclipses (as will be shown hereafter) arc produced by 
the interposition of the dark body of the moon between the 
earth and snn, the moon being large enough to cover and 


Th g liag been den ed by on thn OTidencn ot eeru a pUenomena 

obserred wilb big poUrlscope bot tl e lad Is no palpable that it s matter o{ 
gome aatoaiahmenl that it cn Id erer la I to atrfk« tllo most guporfle al olmerrer 
The matter hag bgea placed beyond a doubt bowerer by d reel eTpenmests 
both photomdr c and therm c. 17 e details of tl • latter by 8 tt Becc) ■ will be 
found In Astrou Naslr bos SOt* 973 and 90 to prove that the calorific tndla 
ibi' reatre ol the sun g d gk Is neutv doable of that from its hiwd^.w 
and that tloequalonal rejr one are wmewlat hotter tlian the polar (Comptes 
Bendus Aug 20 18o2).— Aoir 18 j8 
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surpass, by ft Nory small breadth, the whole djsk of the sun 
Non when this takes place, were there no vaporous atmos 
phere capable of reflecting any light about the sun, the sky 
ought to appear totally dark, since {as mil heroalter abao 
dantly appear) there is not the araallest reason tor believing 
the moon to havo any atmosphere capable of doing so So 
far, howc\cr, is this from being the case, that a bright *nng 
or corona of light is aeon, fading gradually away, as rep 
resented in Plate 1 fig 8, which (in cases where the moon 
IS not centrally superposed on the sun) is observed to bo con 
centric with the latter, not the former body This corona was 
beautifully scon in the eclipse of July 7, 1842 and with this 
most remarkable addition — witnessed by every spectator in 



Pavia, Milan, Vienna, and elsewhere three distinct and 
very conspicuous rae colored protuberances (as represented 
in tbe figure cited) wore seen to project beyond the dark 
limb of the moon, likened by some to flames, by others to 
mountains, but which their enormous magnitude (for to have 
been seen at ail by the naked ©ye their height must have 
exceeded 40 000 miles), and their faint degree of jllumina 
tion, clearly prove to have been cloudy masses of the most 
excessive tenuity and which doubtless owed their support, 
and probably their existence to such an atmosphere as we 
are now speaking of In tbe total eclipse of July 28, 1851, 
Similar rose colored protuberances were observed, one in 
^arttculae of s loan <iaite doeistro ss to their oJoudy sataTO, 
rising straight up vertically from the edge of the disk, and 
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then enddcnly turning off nt a right angle (as in the annexed 
figure which rcpre<?ent3 the appearance as seen by Prof 
Schmidt, at Bastenhurg) }ast as a column of smoke nsmg 
in calm air is often seen to be drifted off horizontally when 
It has attained such a height as to bring it into an upper cur 
rent of wind To complete the rc*emblance, a detached and 
perfectly insulated mass B of the same rosy color was ob 
ecr^ccl at some distance from the drifted tram A, which was 
connected with another mass C by a narrow red band or 
streak D 

(SOo n ) The existence of such an atmosphere superior to 
the luminous cn\ elope being admitted affords an easy ex 
planation of the faeuW considered ns aast wa^cs in the 
photosphere (art 888) In an atmospbero consisting of 
strata gradually <l«?creasiog lo density any cause of undu 
latton acting on the infenor strata will throw them up to 
a vastly greater height and therefore produce far greater 
waves in them than wonld anso from the same cause act 
mg on the surface of a definite ocean of 1 quid matter by 
reason of their being partially sustained against gravity, 
leaving their inert a free to carry them up lo a higher lei el 
The experiment is easily tried in oil Coating on water or m 
saline solutions increasing in density downward and is at 
once amusing and mstructiie [Sec J«ote O § 89o i i ] 
(396) That the temperature at the Msible sirfaee of the 
sun cannot be otherwise than very elovated much more so 
tl an any artificial heat produced in ourfurnaces orbyebem 
ical or galvanic processes we have indications of several 
distinct kinds 1st From the law of decrease of radiant heat 
and light which being inversely as the squares of the dis 
tances it follows that the heat received on a given area ex 
posed at the distance of the earth and on an equal area at 
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tlio vistblo fiurfaco of the eao, must bo lo tho proportion of 
the area of the aky occupied by tfao Ban's apparent disk 
to tho whole hemiBphcro, or os 1 to about 02,000 A far 
Ic*3 intensity of solar radiation, collected lo the focas of a 
burning glass, sufiices to dissipate gold and platina in vapor 
2dl>, From tho facility with which tho calonfic rays of tho 
sun traverse gloss, a property which is found to belong to 
tho heat of nrtiQcial dres in the direct proportion of their 
intensity *’ 8dly, From tho fact, that tho roost vivid flames 
disappear, and the roost lotcnscly Ignited solids appear only 
as black spots on the disk of the sun when held between it 
and the eye ** From tho last remark it follows, that the 
body of the sun, howoier dark it may appear when seen 
through Its spots, may, nevertheless, ho in a state of roost 
totenao iguiCion It docs not, bowover, follow of necessity 
that It must he so The contrary is at least physically 
possible A p«r/(ct[y reJUcUve canopy would efTeotaally 
defend it from the radiation of tho luininous regions above 
Its atmosphere, and no beat would be condneted downward 
through a gaseous medium iDcieasing rapidly lu density 
That the pennmbral clouds ore highly reflective, the fact 
of their visibility la such a situation can leave no doubt 
(397 ) As the magnitude of the sun has been measured, 
and (as we shall hereafter see) its weight or quantity of pon 


' By d rect taeacuremeot wUb the actwotneter I find that out of 1 000 
c&lonfic solar rays S16 penetrate a aheet of plate glass 0 18 inch th clr and 
that of 1 000 rays wb cb baTs passed ibrougli one auch plate 859 are capable 
of pass Dg through another li 18ZT 

The ball of igo ted 4 u clcliaie la Lieuteaaot Drutamood a ozy hydrogen 
lamp girea the nearest im tat on of the solar splendor wbich has yet been pro 
duced The appearance of Ihs aga net the sun was, however as desenbed fa 
an imperfect ir si st which I was present The experiment ought to bo re 
pealed under favorable drcumslances — Aote to ths ed of 1833 Accord og 
to (he more recent ezperimenfa oflfessrs. f^seau aad Foucault the tntena cy ol 
the 1 gbt at the surface of Drummond s 1 me ball is only ooe 146th part of that 
at the aurface of the eunl— ^ots added 1858 
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denble matter, ascertained, so also attempU hare been 
made, and not wholly without 8ucc<^, from tho heat actu 
ally comranmeated by iti ra}s to given surfaces of material 
bodies exposed to their acrtical action on the earth’s sur 
face, to estimate the total expenditaro of heat that lumi 
naryinagi\en time The result of such experiments has 
l>een thus announced Supposing a cylinder of ico 45 miles 
in diameter to be continually darted into tho sun tctlh Pie 
%elo<ntj oj light, and that the water produced by its fusion 
were continually earned off the heat now given off con 
stantly by radiation would then be wholly expended in its 
liquefaction, on the one band, so as to leave no radiant 
surplus while on the other the actual lempervturo at its 
surface would undergo no diminution ” 

(897 0 ) Another mode of expressing the heat generated 
and radiated off froco'the suns surf ce wcl) calculated to 
impress ns with an overwhelming idea of the tremendous 
energies there constantly in action is that employ el by Pro 
fessor Thomson who estimates the dyoamical effect which 
would be produced in our manufactories by a consumption 
of fuel competent to evolve the beat given out by each « tdi 
1 idual aguare yard of that surface ot OSOOO liorae power to 
maintain which would require the combustion of ISoOO 
ponnds of coal per hour *• 


** Results ol Aslronora cal OI»erT«UoDS »( Uio Cjpo of Good Hope 
p 411 

“ See Traj i R S Fd n. X3 p 69 On the \Iecl nn cal t nerg es of tho 
Solar Sjstem ) « r W Thomson Prof l«at PI 1 Cliwgow T1 e Professor 

grouods this l c on M Pod let s dotorm nat on of the an ounl of so ar 
nid at on and Itr Jo a s e t ma o of the ucchan cal equ ra ent of a cent grade 
thermal tin L Tl o auti or of tl a work found at the Cape of Good Hope by 
eipenments made on s a stinmic daja front December 23 1836 to Janca y 
9 I83T the eun be ng nearly re caf o each expor meat tias n fiat fat lude 
at m dsummer at noon and at 1 10 f et aboco tl o sea leyet tho solar rad at on 
is competent to melt an nch n tl cknesa from anl eot of jce exposed perpend e 
uU ly to its rays ( £ wholly so employed) n 2h. 12m 42j Lsi maung tl e heat 
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(S9S ) Tbis immonno cscnpo of boat by radiation, we may 
remark, wiH fully explain tbo conatnnt state of tumultaous 
agitation in which tho fluids composing the viaibh surface 
aro maintoinwJ, and the coDtittva} geaeratioa and fliJ/ng in 
of the pores, without having recourse to internal causes 
Tho mode of action hero alladcd to is perfectly represented 
to tho 0^0 in tho disturbed aubstdenco of n precipitate, as 
described in ort 887, when tbo fluid from which it subsides 
IS warm, and losing heat from its surface. 

(899 ) Tho sun’s rays are the ultimate source of almost 
every motion which takes place on tho surfoce of the earth 
By Its heat arc produced all winds, and those disturbances 
ID the electric equilibrium of tbo atmosphere which give rise 
to tho pbonomcna of lightning, and probably also to those 
of terrestrial magnetism and the aurora By their tirifying 
action vegetables are enabled to draw support from inor* 
game matter, and become, lu their turn, the support of am 
mals and of man, and the sources of those great deposits of 
dynamical eflicicney which are laid up for human use in oar 
coal strata *’ By them the waters of the sea are made to cir 
culato in vapor through the air, and irrigate the land, pro 
ducing springs and rivers By them are produced all dis 
turbances of the chemical equilibrium of the elemeots of 
nature, which, by a series of compositions and decomposi 
tions, give rise to new products, and originate a transfer of 
materials Even the slow degradation of the solid constitu 


sbsortied in traversing our stmospbera at one Uiird of the total quant tj incident 
os it thia (Tivea aJl reductiona made, 43 39 feet in tbiebnesa of Ice per intnula 
melted at the aun'a a irfa^M U PouIIeta expenments (madeis Juse 1831) 
give 11 80 metrea or 38 I feet per minute Ibrty feet may therefore be taken 
aa H probable mean asd from this the result ut urt. 397 ia calculated . 

So in the edition of 1833 The celebrated enpneer Stepbenaon is geo 
erall^, but erroDeoualj-, cited aa the onguietor of th s remark 
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enta of the snrfaco, in which its chief geological changes 
consist, IS almost entirely dne, on the one band, to the abra> 
Sion of wind and ram, and the alternation of beat and frost, 
on the other, to the continual beating of the sea waves, agt 
tated by winds, tho results of solar radiation Tidal action 
(itself partly due to the Ban's agency) exercises here a com 
paratively slight influence The eilect of oceanic currents 
(mainly originating in that influence), though slight in abra 
Sion, 13 powerful m diffusing and transporting the matter 
abraded, and when we consider the immense transfer of 
matter so prodneed, tho increase of pressure over large 
spaces in the bed of the ocean, and diminution over corre 
spending portions of the land, we are not at a loss to per 
ceire bow the elastic power of subterranean flres, thus 
repressed on the one band and relieved on the other, may 
break forth in points where the resistance is barely adequate 
to their retention, and thus bring the phenomena of even 
volcanic activity under the general law of solar influence *• 

(400) Tho great mystery, however, is to conceive how 
BO enormous a conflagration (if such it be) can be kept 
up Every diacovery in chemical science here leaves us 
completely at a Io<i3, or rather, seems to remove further 
the prospect of probable explanation If conjecture might 
be hazarded, we should look rather to the known possi 
bility of an indeflnite generation of beat by friction, or to 
its excitement by the electric discharge, than to any actual 
combustion of ponderable fuel, whether solid or gaseous, 
for the origin of tho solar radiation ” Photograpbac repre 

*• So in the edit on of 1633 

® Elcctr city irareniing cxcee^rdy Tarafled eir or rapors gites out light, 
end/ doubtless also heat hlay not a coat nual current of electric matter be 
constancy crcolat ng in the sons immedate neghborhood or travers ng the 
planetary epaces and exciting Id the npper regions of its atmosphere ihoae 
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fccntfltiona ot tho epotB h'i\o been made with much success 
by Mr. Dc la Rue, with a “photohcliOBcope” at Kew; also 
by the Rev. V! Selw3’n, Caaon of Ely, etc. 


phenomcnit nt on howOTcr dtmlnotlro & icnlo, wo haro jrel an unoquiTO* 

cal m«oire*tailoa In onr aurora bortiaJia. TJjo fcaslblo anaJogy oJ Iho aolar Jiffbl 
lo (iial o( iho aurom liu been dlail&cily Imiatod on by the luM Sir W Ilorschol, 
In M« pupcr already ciJed. It wociM twaliighly curioua aubjecto/ ox[ierfaio(Kat 
liifinir/ bow far a mere rp<iu{>lieati<>a of ahccu ol flamo, at a distance odo bcdibd 
ilio otter Iby which Uicir hjht might bo broaght to any nxiuircd Inlenaity) 
would commuulnto to the htai of the reauliUig com/icuod ray Ibo f<enelraiiny 
cliaractor whkh diatlogiiUhca Uto aolar caloHQe niya may also obaeno tl at 
(ho iranqiiilhiy of Iho 0uu a polar aa oompared with iU «)uaCorfal etghoa (If Its 
s]>oia bu really atmospl cHe) cannot be accounted for by lu rotation ou Its axis 
only but malt arise from aocno Cause txlernul to the /umfnouj evr/aee of tho 
sun u wo ao« tho belts ot Jupiter and Saturn and our trade winds arise from 
a cauHO cztcmal to tieso planets combining Uself with their rotation, which 
ofons can produce no motions wl en onre tJ o form of equilibrium Is atialaod. 

Tbo prisraatie aimtysls of ibe sedar beam ox) Iblit in the spectrum a senos 
of died lines ’ (ouliy unlike (hose which beloog to the ) gbt ol any known 
icrroalrial (Isme This nuiy herexficr le^ oa to a eJenrer Insight into Its ongio. 
But before wo enn draw any conclusions from sueh an fodcstjoo wo oitrsf 
rocollcct that previous to reaching ua It l>aa undergone the whole absorptive 
action of our aunospi ere, as well as of tlie aun s Of tlio btler we know noth 
mg aod nay conjecture orcrydiing, but of (ho blue color ol the former we are 
luro and If this be an inheici I (i « an absorptive) lolor tho tur must be ex 
peeled to act on tl o enecirum afier llio analogy of i (I er colored media whicfi 
often (and eepeeiatlj iiyfU blue media) leave unalsmbed portions sepanUtd by 
dark intervals It deserves lonulry. thtnforo whcilereofne of all tho fixed 
linos observed by Wolhston and Fraunhofer moy not have their ongin In our 
own ntmosphero Fsperireents made on loft) mountalua or (ho cats of bat 
loons on the one baud and on the other with rcQccted beams which have been 
made to traverse several miles of addiuooal air near tho surface v, ould decide 
this point The absorpUTO effect of ibe sun's atmosphere and possibly also 
of the medium surround ng it (whatever it be) which resists the isolious of 
comets cannot be thus ehzmnated —ie/e to the erltlion of 1839 The Idea of 
referring tho origin of the solar beat to fricuon has bceu worked out into an 
elaborato theory by Professor Thomson in Ins paper already cited ot which 
some account will be given in a more advanced portion of this work (1838 ) 
Tho recoct remarkable reeuiCs of «ha( is called Spectrum Aoalysis ’ eSora 
a curious commentary on Ibis note (18C3 ) {See nolo kl (1863 )} 


Note os Aut 394 o — The year 1856 was reraiirka>le for tho absence-of 
spots IQ the Bun (to exact accordance with Wolf s period) during 18ST the 
phase of increased activity came on and the preaeut year (1858) is u«hered la 
wiih a magn Scent d splay Of spots in the eua s Boulhern hemisphere — Aote 
added Jan 4 1858 
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CHAPTER Vn 

Of the Uoon — lu B derc&l Period — lie Appereat DiAineter— lU Farall&z 
Disunco end Reel Dcemeter — F'nt Approxjmet on to its Orbit— An 
EU pae ebout the Eerth in the Pocua— Its Fseentric ty end Incl nn 
t on— Mot on of tu Iiodes end Apsides — 01 Occulutions end Solar 
Eclipses GecereU/— Linilu snthin which they ere Possible — They 
Prore the Uoon to bo en Opeque Solid — Its Light Penred from the 
Bun — lie Phases — Synod c Bevolnt on or Loner Uontb— Harreat 
Uooa— Of Eclipses mote Perticuleriy— Their Fhenomene— Their Pe 
* nod Qsl Recurrence— PhysMol Oooatitut on of the Uooo— Its Moun 
ta as sod other Supersets) Feat tree— Jodicndoos of former Vohemo 
AeUrlty— Its Atmosphere— Climate— Radiation of Ueet from its Bur 
lace — Rotation on lu own Aus—LibraQoD— Appearance of the Earth 
from It — Probable Elongation of the Moon s T gure m the Direction of 
the Earth — Its Hab lability not Imposaible— Charts Modela and Pho 
tographa of ica Surface 

(401 ) The idood, like the san, appears to advaoce among 
the stars with a movemeot contrary to the general dinrnal 
motion of the heavens, bat much more rapid, so as to be 
very readily perceived (as we have before observed) by a few 
hours’ cursory attention on any moonlight night By this 
continual advance, which, though sometimes quicker, some 
times slower, is never intermitted or reversed, it makes the 
tour of the heavens m a mean or average period of 27* 7‘ 43°’ 
IV 6 returning m that time, to a position among the stars 
neirly coincident with that tt had before, and which wouJcI 
be exactly so, but for reasons presently to be stated 

(402 ) The moon, then, like the sun, apparently describes 
an orbit round the earth, and, this orbit cannot be tery dif 
ierent from a circle, because the apparent angular dram 
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cler of the full moon is not liable to nnj great extent of 
variation. 

(103.) The di'itancc of tho moon from the earth is con- 
cladeil from its horizontal p.ini1!as, which may be found 
either directly, by observations at remote geographical sta 
tions, exactly similar to those described in art. 855, in tho 
case of the sun, or by means of the phenomena called dc- 
cultatiDQs, from which al.^o its apparent di.amctcr is most 
readily and correctly found. From such ob‘«crvation8 it re 
eaU« that tho mean or average value of the moon’s hori- 
zontal parallax is 67' 2’*325,‘ and the mean distance of the 
centre of the moon from that of the earth is 60 255 of the 
earth's cquatonal radu, or about 2SS703 miles, taking with 
Mr Adams 07' 2' 325 for the mean horizontal parallax. 
This distance, great as it is, is little more than one-fourth 
ol tho diameter of tho sun'# body, so^hat the globe of the 
sun would near!} twice include the whole orbit of the moon; 
a consideration wonderfully calculated to raise our ideas of 
that stapendous luminary! 

(40-i ) The distance of the moon’s centre from an ob- 
server at any station on tho earth’s surface, compared with 
its apparent angular diameter as measured from that station, 
will give its real or linear diameter. Now, the former dis 
lance is easily calculated when the distance from the earth’s 
centre is known, and the apparent zenith distance of the 
moon also determined by observation, for if we turn to 
the figure of art. 339, and suppose S the moon, A the sta- 
tion, and C the earth's centre, the distance S C, and the 
earth's radius C A, two sides of the triangle ACS 


‘ c«£uU Teos&U; Hr tAiiBM., eJwitX 

with that assigned by Henderson, ra. 61' 2" 31 
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are given, and the angle CAS, which is the sapplcment 
of Z A S, the obsencd zenith distance, whence it is easy 
to find A S, the moon’s distance from A From such ob 
servatiODS and calcnlations it results, tint the real diameter 
of the moon is 2100 miles or about 0 2729 of that of tlio 
earth, whence it follows that, the bulk, of the latter being 
considered ns 1, that of the former will be 0 0204, or 
about i The difference of the apparent diameter of tiie 
moon, as seen from the earth s centre and from any point 
of Its surface, is technically called the augmentation of the 
apparent diameter, and its maximum occurs when the moon 
is m the zenith of the spectator Her mean angular diam 
eter, as seen from the centre, is 81 7', and is always = 0 545 
X her horizontal parallax 

(405 ) By a series of obacrrations such as described in 
art 408, if cootiouet^ during one or more revolutions of the 
moon, Its real distance mav be ascertained at every point 
of its orbit, and if at the same time its apparent places in 
the heavens be observed, and reduced by means of its paral 
lax to the earth s centre, their angular intervals will become 
known, BO that the path of the moon may then be laid down 
on a chart supposed to represent the plane m which its orbit 
lies, just as was explained in the case of the solar ellipse 
(art 349) Now, when this is done, it is found that neg 
lectiDg certain small though very perceptible deiiations 
of which a satisfactory account will hereafter be rendered, 
the form of the apparent orbit like that of the sun, is 
elliptic, but considerably more excentric the excentncity 
amounting to 0 0o434 of the mean distance or the major 
semi axis of the ellipse and the earth s centre being sitU 
ated in its focus 

(406 ) The plane m which this orbit lies is not the 
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ecliptic, however, but la inolmed to it it an angle of 6® 8 
48*, which IS called the inclination of the lunar orbit, and 
intersects it in two opposite points, which are called its 
nodes — the ascendinff ttode being that tn which the moon 
pisses from the southern side of the ecliptic to the northern, 
and the descending the reverse The points of tlie orhit at 
which the moon is nearest to and furthest from the earth, 
are called respectively its perigee and apogee, and the line 
joining them and the earth the line of apsides 

(407 ) There are, however, several remarkable circum 
stances which interrupt the closeness of the analogy, which 
cannot fail to strike the reader between the motion Qf the 
moon around the earth and of the earth arouud the sun- 
In the latter case, the ellipse described remains during a 
great many revolutions unaltered in its position and dimen 
sions, or at least the changes wbich^t undergoes are not 
perceptible but in a course of very nice observations which 
have disclosed it is true the existence of perturbations,” 
but of so minute an order that in ordinary parlance and 
for common purposes we may leave them unconsidercd 
But this cannot be done id the case of the moon E\en 
in a single re\olution its deviation from a perfect ellipse is 
very sensible It does not return to the same exact position 
among the stars from which it set out thereby indicating a 
continual ch lUj^e in the /fane of ita or! it And in effect, 
if we trace ly observation from month to month, the point 
where it tritersos the ecliptic we shall find th tt the 7iodes of 
its orbit arc in a continual state of retreat upon the ecliptic 
bupposc O to be tbo earth and hb ad that j ortion of the 
plane of the ecliptic which n intersected by tlie moon in its 
aUernate paoaagcs through it from south to north and tice 
tersd, and letABODEl bea portion of the moon a 
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orbit, embracing a complete nidcreal revolution. Suppoeo 
ittoect out from tlic ascending node, A, then, if the orbit 
lay all an one plane, pasung tbrougb 0, it would bat c a, 
the opposite point in the ecliptic, for its tlcscendmg node; 
after passing which, it wonld again ascend at A. But, m 
fact, its real path carries it not to a, but along a certain 
curve, A B C, to C, a point in the ecliptic less than 180® 
distant from A, so that the angle A O C, or the are of 
loDgitode described between the ascending and tbo descend' 
ing node, is eomewhat less than 
180®. It then pursues its course 
below the ecliptic, along tbe curve 
0 D B, and rises again above it, 
not at tho point e, <liametncall) 
opposite to C, but at a point E, 
le«B adsanced in longitude On tbo whole, then, the ato 
described id longitude between two consocuuto passages 
from south to north through the piano of the cchptio, 
falls short of 860’ by tho angle A 0 E, or, in other 
words, tbe ascending node appears to have retreated in 
one lunation on the plane of the ecliptic by that amount. 
To complete a sidereal revolution, then, it must still go on 
to describe an arc, E F, on its orbit, which will no longer, 
however, bring it exactly back to A, but to a point some 
whnt above it, or having north latitude 

(408 ) The actual amount ot this retreat of the moon s 
pode IS about 8 lO* 64 dtem, on an average, and in a 
period of 6793 S9 mean solar days, or about 18 6 years, tho 
ascending node is carried round m a direction contrary to 
the jsoijfvD jo ais Sroio east to 

a whole circumference of the ecliptic Of course, m the 
middle of this period the position ot the orbit must have 

ASTBOSOMT— Vol XIX — IB 
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beeu precisely reversed from what it was at the beginning. 
Its apparent path, then, will lie among totally different 
stars and constellations at different parts of this penod, and 
this kind of spiral revolution being continually kept up, it 
will, at one time or other, cover with its disk every point 
of the heavens within that limit of latitude or distance from 
the ecliptic which its inchnation permits, that is to say, a 
belt or zone of the heavens, of 10® 18 m breadth, having 
the ecliptic for its middle line ITevertheless, it still re 
mains true that the actual place of the moon, in conse 
quence of this motion, deviates in a single revolution very 
httle from what it would be were the nodes at rest Sup 
posing the moon to set out from ita node A, its latitude, 
when It comes to F, having completed a revolution lo longi 
tude, will not exceed 8 , which, though small in a single 
revolution, accumulates in its effect in a succession of 
many it is to account for, and represent geometrically, 
this deviation, that the motion of the nodes is devised 
(409) The moon's orbit, then, is not, strictly speaking, 
an ellipse returning into itself, by reason of the variation of 
the plane in which it lies and the motion of its nodes But 
even laying aside this consideration, the axis of the ellipse 
13 itself constantly changing its direction m space, as has 
been already stated of the solar ellipse, but much more rap 
idly, making a complete revolution, in the same direction 
with the moon's own motion, in 3232 5763 mean solar days, 
or about nine years, being about 5® of angular motion id ^ 
whole revolution of the moon This la the phenomenon 
known by the name of the revolution of the moon's apsides 
Ita cause will be hereafter explained Its immediate effect 
13 to produce a variation in the moon’s distance from the 
earth, which is not included in the laws of exact olliptio 
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motion. In a nnglc revelation of the moon, tins tanntion 
of distance is trifling; but in the courac of many it becomes 
considerable, os is camly scco, if tre consider that in four 
years and a half the position of the axis will be completely 
reversed, and the apogee of the moon will occur where the 
perigee occarred before 

(410 ) The best way to form a distinct conception of the 
moon's motion is to regard it as describing on ellipse about 
the earth in the focus, and, at the same time, to regard this 
clltpso itself to be in a twofold state of revolution; 1st, in 
its own plane, by a continual advance of its axis in that 
plane; and 2dly, by a continual UlUnff motion of the piano 
itself, exactly similar to, bat much more rapid than, that 
of the earth’s equator produced b> tbc conical motion of its 
axis, described in art 817 

(411 ) As the moon is at a very moderate ilistanco from 
ns (astronomically speaking), and is in fact our nearest 
neighbor, while the sun and stars arc in comparison im> 
mensoly beyond it, it must of neces'nty Imppcn, that at one 
time or other it must p<u$ over and occult or eclipse every 
star and planet within the zone above described (and, as 
seen from tbc surface of earth, even somewhat beyond it, 
by reason of parallax, which may throw it apparently nearly 
a degree either way from its place as seen from the centre, 
according to the observer’s station) Nor is the sun itself 
exempt from being thus hidden, whenever any part of the 
moon’s dist, in this her tortuous course, comes to oterlap 
any part of the space occupied in the heavens by that lumi 
nary. On these occasions is exhibited the^most striking and 
impressive of all the occasional phenomena of astronomy, an 
eclipse of the sun, in which a greater or less portion, or even 
in some rare conjunctures the whole, of its disk is obscured, 
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and, aB it were, obliterated, by the superposition of that of 
tho moon, -whicb appears upon it as a circularly terminated 
black spot, producing a temporary diminution of daylight, 
or even nocturnal darkness, so that the stars appear as if 
at midnight In other cases, when, at the moment that the 
moon IS centrally superposed on the sun, it so happens that 
her distance from the earth js such aa to render her angular 
diameter less than the sun's, the very singular phenomenon 
of an annular solar eclipse takes place, when the edge of 
the sun appears for a few minutes ns a narrow ring of light 
projecting on all sides beyond the dark circle occupied by 
the moon in its centre 

(412 ) A solar eclipse can only happen when the sun and 
moon are tn conjunction, that is to say, have the same, or 
nearly the same, position m the heavens, or the same loogi 
tude It appears by art 409 that this condition can only 
be fulBlled at the time of s new moon, though it by so 
means follows, that at every conjunction there must be an 
eclipse of the sun If the luuar orbit coincided with the 
ecliptic, this would be the case, but as it is inclined to it 
at an angle of upward of 5”, it is evident that the conjnno 
tion, or equality of longitudes, may take place when the 
moon IB in the part of her orbit too remote from the ecliptic 
to permit the disks to meet and overlap It la easy, bow 
ever, to assign the limits within which an eclipse is possi 
b!e To this end we must consider, that, by the ed[ect of * 
parallax, the moon’s apparent edge may be thrown in any 
direction, according to a spectator's geographical station, by 
any amount not exceeding her horizontal parallax, and the 
same holds good of the sun, so -that there is a displacement 
to tho extent of the difference of the two parallaxes Ifow, 
this comes to the same (so far as the possibility of an eclipse 
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U con '^rne^J) M if the npiatenl diameter of the moon, eetn 
from the earth’s centre, were dilated b/ twice the difference 
of thetr \ onzonwl pa*aUftXt*i, for if, when so dilated, it can 
touch or overlap the sun, there tnujt he an eclipse at lomt 
part or other of the earth *« aurfae/ If, then, at the mo- 
ment of the nearest conjunction, the geo cntrio distance of 
tlic ccntre-i of the two lutninaneo do not exceed the sum 
of their renidiarneteni and of the last mcntioBed difference, 
there will l>e an ccli|rtc The sum is, at its maximum, 
about 1* 31 20*. In the aphencal tnangle S N M, then, 
in which S IS the sun’s centre, M the moon’s, S N the 
ecliptic, M N the moon s orbit, and N the no<lo, we mijr 
suppose the auglc N S M a right angle, S s 1" 23', 

and the angle, M N S s 6* 8 -IS', the inclination of the 
orbit Hence we calculate S N, 
which comes out 10' 6$ If, then, 
at tbo moment of the new moon, the 
moon's node is further from the sou 
to longitude than this limit, there 
can bo no eclipse, if within, there may, and probably will, 
at some part or other of the earth To ascertain precisely 
whether there will or not, and, if ilicro be, Low great will 
bu the part eclipsed, the solar and lunar tables must bo con 
suited, the place of the node and the scmidiamctcrs exactly 
ascertained, and the local parallax, and apparent augmenta 
tion of the moon s diameter duo to the difference of her 
dLstance from the ohserser and from the centre of the earth 
(which may amount to a sixtieth part of her horizontal 
diameter), determined, after whieh it is easy, from the 
above considerations, to calculate tho amount overlapped 
of the two disks, and their moment of contact 

(413 ) The calculation of tbo occnltation of a star do 
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and, as it wore, obliterated, by the superposition of that of 
the moon, which appears upon it as a circularly terminated 
black spot, producing a temporary diminution of daylight, 
or e^en nocturnal darkness, so that the stars appear ns if 
at midnight In other cases, when, at the moment that the 
moon IS centrally superposed on the sun, it so happens that 
her distance from the earth is such as to render her angular 
diameter less than the sun’s, the veiy singular phenomenon 
of an annufar solar eclipse takes place, when the edge of 
the sun appears for a few minutes os a narrow ring of light 
projecting on all sides beyond the dark circle occupied by 
the moon in its centre 

(412 ) A solar eclipse can only happen when the sun and 
moon are tn conjunction, that is to say, have the same, or 
nearly the same, position m the heavens, or the same longi 
tude It appears by art 402 that this condition can only 
be fulfilled at the time of a new moon, though it by no 
means follows, that at every conjunction there mtisi he an 
eclipse of the sun If the lunar orbit coincided with the 
ecliptic, this would be the case, but as it is inclined to it 
at an angle of upward of 5% it la evident that the conjunc* 
tion, or equality of longitudes, may take place when the 
moon 13 in the part of her orbit too remote from the echptio 
to permit the disks to meet and overlap It is easy, how 
ever, to asatgu the limits withio which an eclipse is possi* 
ble To this end we must consider, that, by the effect of • 
parallax, the moon’s apparent edge may he thrown in any 
direction, according to a spectator's geographical station, by 
any amount not exceeding her horizontal parallax, and the 
same holds good of the sun, so that there is a displacement 
to the extent of the difference of the two parallaxes Kow, 
this comes to the same (so far as the possibility of an eclipse 
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IS concerned) as if the Apparent diameter of the moon, seen 
from the earth’s centre, were dilated by twice the diiTerence 
of their horizontal parallaxes, for if, when so dilated, it can 
touch or o\erlap the sun, there m««< be an eclipse at tome 
part or other of the earth’s surface If, then, at the mo 
ment of the nearest conjunction, the geocentrio distance of 
the centres of the two lutainanes do not exceed the sum 
of their semidiameters and of the last mentioned difference, 
there will be an eclipse The Bum is, at its maximum, 
about 1® 34 26* In the spherical triangle S N it, then, 
in which S is the sun's centre, it the moon’s, S JST the 
ecliptic, it N the moon’s orbit, and N the node, we may 
suppose the angle N S il a right angle S M = 1® 84' 26', 
and the angle, it N' S = 6® 8 46', the inclination of the 
orbit Hence we calculate S N, 
which comes out 16® 58 If, then, 
at the moment of the new moon, the 
moon’s node is further from the sun 
in longitude than this limit, there 
can be no eclipse, it within, there may, and probably will, 
at some part or other of the earth To ascertain precisely 
whether there will or not, and, if there be, how great will 
be the part eclipsed, the solar and lunar tables must be con 
suited, the place of the node and the senudiameters exactly 
ascertained, and the local parallax, and apparent augmenta 
tion of the moon s diameter due to the difference of her 
distance from the observer and from the centre of the earth 
(which may amount to a sixtieth part of her horizontal 
diameter), determined, after which it is easy, from the 
above considerations, to calculate the amount overlapped 
of the two disks, and their moment of contact 

(413 ) Tho caloaUtion ol the oecultahon of a star de 




342 


OUTLINES OF ASTRONOMY 


pends on similar considerations An occultation is posst 
hie, when the moon’s course, as seen from the earth’s centre, 
carries her within a distance from the star equal to the sum 
of her semidiameter and horizontal parallax, and it will 
happen at any particular apoi^ when her apparent path, as 
seen from that spot, carries her centre within a distance 
equal to the sum of her at^menfccf semidiameter and actual 
parallax The details of these calculations, which are some 
what troublesome, must be sought elsewhere * 

(414.) The phenomenon of a solar eclipse and of an oc 
cultation are highlj interesUng and instructive in a physical 
point of view They teach us that the moon is an opaque 
body, terminated by a real and sharply defined surface in 
terceptiQg light like a solid They prove to us, also, that 
at those times when we cannot tee the moon, she really ex 
ists and pursues her course, aod that when we see her only 
as a crescent, however narrow, the whole globular body ts 
there, filling up the deficient outline, though unseen For 
occultations take place indifferently at the dark and bright, 
the visible and invisible outline, whichever happens to be 
toward the direction in which the moon is moving, with 
this only difference, that a star occulted by the bright limb, 
if the phenomenon be watched with a telescope, gives no 
tice, by its gradnal approach to the visible edge, when to 
expect its disappearance, while if occulted at the dark 
limb if the moon, at least, bo raoro than a few days old, 
it IS as it were, extinguished m mid air, without notice or 
visible cause for its disappearance, which, as it happens 
instantaneously, and without the slightest previous dimmu 


* Woodhouse 8 Astronomy toI i See «I»o Tnuia. Aat, Soc. toL I p 325 
Be* *1** VroL Itoomis s IntrodueVioa to PncVtcnl luttoDomT to 'wMtii vniry 

detail of tlie celeuUUon will be found UIustnM by oumerlcal examples. 
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tion of Its light, 13 always Burpnsing, and, if tbo star be 
a large and bright one, even startling from its suddenness 
The reappearance of the star, too, when the moon has 
passed over it, takes place m those cases when the bright 
side of the moon is foremost, not at the concave outline of 
the crescent, but at the invisible outline of the complete 
cir^e, and is scarcely less sarpnsing, from its suddenness, 
than Its disappearance m the other case * 

(415) The existence of the complete circle of the disk, 
even when the moon is not full, does not, however, rest 
only on the evidence of occnltations and eclipses It may 
be eeenj when the moon is crescent or waning a few days 
before and after the new moon, with the naked eye, as a 
pale round body, to which the crescent seems attached, and 
somewhat projecting beyond its outline (which is an opti 
cal illusion anstng from the greater intensity of its light) 
The cause of this appearance will presently be explained 
Meanwhile the fact is sufBcient to show that the moon is 
not inherenUy laminous like the sun, but that her light 
is of an adventitious nature And its crescent form, m 
creasing regularly from a narrow semicircular line to a com 


* There is en opUcel fUas on of e yery etreoge eod unscoouDUble oanire 
wh ch I ss ofien been remerked in occnlut one The euir appears to advance 
actual]/ upon and Oie edge of tbe disk before it d sappears a d tl at 

son eiimea to a coos dersble depth I have never mjself witnessed lb s emgular 
eUect b it it rests on most uneqnivocal teat moo/ I have called t an opt cal 
ill s on but It IS hartlj/ poisitU that • star maj e! me on such occas ons through 
deep fissures In the substance of the moon The occullat ons of close double 
stars ought to be nartoirl/ watc) ei to see whether botfi lad v d ala are tbos 
fTiytcUd as well as for other purposes connected wUl tbe r theo / I will 
onl/ b nt at one v z. it at a double star fee efe«e to be seen d v ded with an/ 
telescope tns/ /ei be detec ed to be double b/ the mode oC its d sappearaace 
Should a coosderabla star for nslance nstead of undergo ag naianiaaeous 
aud complete ezilncuon go oot b/ two d a Iiiet a eps followiag close upon each 
other Urst los ng a port on then the whole retoa nder of its 1 gbt we ma/ be 
sure it is a do ble star though we earn ol see the iadinduala separalelj — JVbfe 
to the edit of 1833 
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plete circular disk, corresponds to the appearance a globe 
would present, one hemisphere of which was black, the 
other white, when differently turned toward the eye, so as 
to present a greater or less portion of each. The obnous 
conclusion irom this is, that the moon is such a globe, one* 
half of which is bnghtened by the rays of some luminary 
sufficiently distant to enlighten the complete hemisphere, 
and sufficiently intense to give it the degree of splendor 
we see Now, the son alone is competent to such an 
effect Its distance and light suffice, and, moreover, it is 
invanahly observed that, when a crescent, the bright edge 
is touard the sun, and that in proportion as the moon in 
her monthly coarse becomes more and more distant from 
the sun, the breadth of the crescent increases, and ties vertd. 

(416) The son’s distance being 2SPSJ rsdu of the earth, 
and tbe moon’s only 60, the former is nearly 400 times the 



latter Lines, therefore drawn from the sun to every part 
of the moon’s orbit may be regarded as very nearlv pnral 
lei ‘ Suppose, now 0 to be the earth, A B C D, etc , van* 
ons positions of the moon to its orbit, and S the sun, at the 
vast distance above stated, as is shown, then, in the figure, 

* Tbo ftonlo (ubteodtd bj the nooa’a orb i, m icea {rotn tbe lun (to the 
tDCAn state of IhfDfo) fe ontf It 13" 
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the hemisphere of the lunar globe turned toward it (on the 
right) will be bright, the opposite dark, wherever it maj 
stand m its orbit Now, lo the position A, when in con 
junction with the sun, the dark part is entirely turned 
toward 0, and the bnght from it In this case, then, the 
moon 13 not seen, it is new moon When the moon has 
come to C, half the bnght and half the dark hemisphere are 
presented to O, and the same m the opposite situation G 
these are the first and third qnartere of the moon Lastly, 
when at £, the whole bnght face is toward the earth, the 
whole dark side from it, and it is then seen wholly bright or 
full moon In the intermediate positions B D F H, the por 
tions of the bright face presented to 0 will be at first less 
than half the visible surface, then greater, and finally less 
again, till it vanishes altogether, as it comes round again 
to A 

(417 ) These monthly changes of appearance, or phases, 
as they are called, arise, then, from the moon, an opaque 
body, beiug illuminated on one side by the sun, and reflect 
ing from it, in all directions, a portion of the light so re 
ceived Nor let it be thought surprising that a solid sub 
stance thus illuminated should appear to shine and again 
illuminate the earth It is no more than a white cloud does 
standing of! upon the clear blue sky By day, the moon 
can hardly be distinguished m brightness from such a 
cloud, and, in the dnsk of the evening clouds catching 
the last rays of the sun appear with a dazzling splendor, not 
inferior to the seeming brightness of the moon at night * 

I The actual fli mination of the lonsr ■ rface ia net nneh saperlor to that 
of «ea hered aand^ione rock io f II ainsl ne I hare freque 11I7 corapared 
the moon sett hr bel ind tl e (rrar perpend cular Ia(? de of the Table Mountain 
Ilium nited by the sun ju»t t rrn in the oppos lo quarter of ll a hor aon when 
it has scarcely been d anu^isha^ in br^hioeaa from the rock In cootact w th 
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That the earth sends also Buch a light to the moon, onlj 
probably more powerful by reason of its greater apparent 
siee,* 15 agreeable to optical pnnciples, and ez.plaios the ap* 
pearance of the dark portion of the young or waning moon 
completing its crescent (art 413) For, when the moon is 
nearly new to the earth, the latter (so to epeak) is nearly 
fall to the former, it then illuminates its dark half by 
strong earth hghi, and it is a portion of this, reflected back 
again, which makes it visible to ns in the twilight sky As 
the moon gams age, the earth offers it a less portion of its 
bright Bide, and the phenomenon in question dies away 
The light of the fall moon is estimated by Bouguer on the 
result of photometnc compansona, as only one SOCWOth part 
of that of the snn 

(418 ) The lunar month is determined by the recurrence 
of its phases it reckons from new moon to new moon, that 
IS, from leaving its conjunction with the son to its retnrn to 
conjunction If the sun stood still, like a flxed star, the 
interval between two conjunctions would be the same as the 
period of the moon's sidereal revolution (art 401), but, as 
the sun apparently advances m the heavens m the same 
direction with the moon, only slower, the latter has more 
than a complete sidereal period to perform to come up with 
the sun again, and will require for it a longer tune, which 
IS the lunar month, or, os it is generally termed in ostron 
omy, a synodical period The difference is easily calculated 
by considering that the superfluous ore (whatever it be) is 
described by the sun with the velocity of 0® 88565 per than, 


It The tun and noon being noarlr at equal altitudes and the atitiMpbcro per 
loetl; free from cloud or vapor Its effect u al tea on both luuinarlea. (11 ISIS.) 

* 7^0 apparent diameter of the reooa la 3^ from the earth that of the earth 
aeon from the noon Is twice licrliofltontal paraHu orl' M The apparent 
lurlacci therefore are as (114)* (33)* or as 13 1 ncarl/ ' 
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in the same time that the moon describes that arc plus a com* 
plete revolution, with her velocity ol 13“*17640 yjer diem’, 
and, the times of description being identical, the spaces are 
to each other in the proportion of the velocities. Let 
V and y be the mean angular daily motions of the sun 
and moon as above, x the anperfluous arc; then Y : v : : 
360’ 4- X : x; and Y — v : t> : : S60* : x, whence x is found; 

and- = the time in days in which the sun describes the arc 

X, that is, the synodical period it P, p are 

the periodic times of each separately, which reduced to 
numbers, gives, 29**530589 = 29* 12'- 44" 2-87. 

(419.) Supposing the position of the nodes of the moon’s 
orbit to permit it, when the moon stands at A (or at the new 
moon), it will intercept a part or the whole of the sun’s rays, 
and cause a solar eclipse. On the other band, when at E (or 
at the full moon), the earth O will intercept the rays of the 
sun, and east a shadow on the moon, thereby causing a lunar 
eclipse. And this is consonant to fact, such eclipses never 
happening but at the time of the full moon But, what is 
still more remarkable, as confirmatory of the position of the 
earth’s sphericity, this shadow, which we plainly see to 
enter upon and, as it were, eat away the disk of the moon, 
is always terminated by a circular outline, though, from the 
greater size of the circle, it is only partially seen at any one 
time. 17ow, a body which always casts a circular shadow 
must itself be spherical. 

(■KO ) Eclipses of tbe sun are best -ondeTstood by regard- 
ing the sun and moon as two independent luminaries, each 
moving according to known laws, and viewed from the 
earth; but it is also instructive to consider eclipses gen- 
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erally as ansing from the shadow of one bocl^ thiown ob 
another by a luminary mack larger than either Suppose, 
then, A B to represent the sun, and 0 D a spbencal body, 
whether earth or moon, illuminated by it If we join and 
prolong A C, B D, since A B is greater than OB, those 
lines will meet in a point E, more or less distant from the 
body C D, according to its size, and within the space CEB 
(which represents a cone, since C D and A B are spheres), 
there will be a total shadow This shadow is called the 
umhra, and a spectator situated within it can see no part of 
the sun’s disk Beyond the umbra are two diverging spaces 




(or rather, a portion of a single conicil space, having K for 
its vertex), where if a spectator be situated, as at if, he will 
see a portion only (A O N P) of the snn’s surface the rest 
(B O N" P) being obscured by the earth Ho will, there 
fore, receive only partial snnsbine, and the more, the nearer 
he is to the e-^tenor borders of that cone which is called the 
jienumbra Beyond this he will see the whole sun, and be 
in full illummation AH these circumstances may be per- 
fectly well shown by holding a small globe up in the sun, 
and receiving its shadow at different distances on a sheet 
of paper 
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(421.) In a Innar eclipse (represented in the upper figure), 
the moon is seen to enter’ the ptnumlra first, nod by de- 
grees get involved in the wnlra, the former bordering the 
latter like a smoky haze. At this period of the eclipse, and 
svbilc yet a considerable part of the moon remains unob- 
soured, the portion involved in the umbra is invisible to the 
naked eye, though still porceptiblo in a telescope, and of a 
dark gray hue. But as the eclipse advances, and the en- 
lightened part diminishes in extent, and grows gradually 
more and more obscured by the advance of the penumbra, 
the eye, relieved from its glare, becomes more sensible to 
feeble impressions of light and color, and phenomena of a 
remarkable and instructive character begin to bo developed. 
The umbra is seen to bo very far from totally dark, and in 
its faint illumination it exhibits a gradation of color, being 
blush, or even (by contrast) somewhat greenish, toward the 
borders for a space of about 4' or 3' of apparent angular 
breadth inward, thence passing, by delicate but rapid grada 
tion, through rose red to a fiery or copper-colored glow, like 
that of dull red-hot iron. As the eclipse proceeds this glow 
spreads over the whole surface of the moon, which then be 
comes on some occasions so strongly illaminated as to cast 
a very sensible shadow, and allow the spots on its surface to 
be perfectly well distinguished through a telescope. 

(422 ) The cause of these singular, and sometimes very 
beautiful appearances, is the refraction of the sun’s light in 
passing through our atmosphere, which at the same time 
becomes colored with the hues of sunset by the absorption 
of more or less of the violet and blue rays, as it passes 


’ The actual contact with th* penumbra le never seen, the defalcation 
of light comes on so very gradually that U is not till when already deeply 
immersed, that it is perceived to bo aensibly darkened 
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through strata nearer or more remote from the earth's sur 
face and therefore more or Jens loaded with rapor To 
show this lot A D a ho a section of the cone of the umbra 
and F B A/ of the penumbra through their common axis 
D F S, pi<»<ung through the centres L S of the earth and 
sun and lot Iv M A bo a section of these cones at a dis 
tanco E M from E equal to tho radius of the moon s orbit 



or 60 radii of the earth ' Taking this radius for unitj’, since 
E S the distance of the sun ts 28984 and the semidiameter 
of the sun 111 such units we readi ]7 calculate I) E = 218 
1) M = 158 for the distances at which the apex of the geo 
metrical umbra lies behind the earth and the moon respec 
lively "We also find for the measure of the angle E D B, 
15 46’ and therefore D B B = 89 44 14' whence also we 
get lie (the linear semidiameter of the «m5r£t)=0 726 

* The hgure la uoavo dahly drawn out of all proport on aod the aogtes 
Tiolen ly ezaggented Tlie reader ahoald tr)r to draw the figure in its true 
proportions 
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(or in miles 2868), and Uie angle OEM, its apparent an> 
gular seraidiameter as seen from E — 41’ 82*. And institut* 
ing similar calculations for tbo geometrical penumbra wo get 
M K = l-280 (608-1 miles), and K E M 1* 18' 20*; and it 
maj be well to remember that the doubles of these angles, 
or the mean angular diameters of the umbra and penumbra, 
are described by the moon with its mean velocity in 2' 46*, 
and 4^ GO' respectively, which are therefore the respective 
durations of the total and partial obscuration of any one 
point of the moon’s disk in travoming centrally tho geomet- 
rical shadow. 

(423.) Wero the earth devoid of atmosphere, the whole 
of the phenomena of a lunar eclipse would consist m these 
partial or total obscurations. Within the space C c tho 
whole of tho light, and within E C and c A. a greater or less 
portion of It, would be intercepted by the solid body B i of 
the earth. Tho refracting atmosphere, however, extends 
from B h, to a certain unknown, but very small distance 
B n, i 7i, which, acting as a convex lens, of gradually (and 
very rapidly) decreasing density, disperses all that compara- 
tivelji small portion of light which falls upon it over a spaco 
bounded externally by H g, parallel and very nearly co- 
incident with B F, and internally by a line B *, the former 
representing the extreme exterior ray from the limb a of 
the sun, the latter, the extreme mtenor ray from the limb 
A. To avoid complication, however, we will trace only tho 
courses of rays which just graze the surface at B, viz. : B z 
from the upper border, A, and B v from the lower, a, of the 
sun. Each of these rays is bent inward from its original 
course by double the amount of the horizontal refraction 
(SS) ». e. by 1® 6’, because, m passing from B out of the 
atmosphere, it undergoes a deviation equal to that at enter- 



B52 


0UTL1^ES Of ^iSTIiOItOm 


ing, and jn tbo same direction Instead, tborcforc of par 
suing llio coursca B D B F these ra^s rcapoctivoly will 
occupy the positions B x Bv making with the aforesaid 
lines the angles B B y T B r each 1 6 Now we have 
found D B E = 89 44 14* and therefore rBE(=DBE + 
nngular iliam of o) = 99* 16 17' consequently the angles 
E B y and E B v will ha respectively 88 88 14' and 89 10 
17', from which wc conclude E s = 42 04 and E t> = 69 14, 
the former falling short of the moon s orbit by 17 96 and 
the latter surpassing it by d 14 radii of the earth 

(424) The penumbra therefore of rays refracted at B, 
will bo spread over the space v B y that at H over y H d, 
and at the intermediate points over similar intermediate 
spaces and through this compound of superposed penum 
brio the moon passes during the whole of its path through 
the geometrical shadow, never attaining the absolute ombra 
B 2 & at all 'Without going into detail as to the intensity 
of the refracted rays it is OMdent that the totality of Ight 
so thrown into the shadow is to that which the earth inter 
cepts as the area of a circular section of the atmosphere to 
that of a diametrical section of the earth itself and there 
fore at all events but feeble And it is still further eil 
feobled by actual clouds suspended in that portion of the 
air which forms the visible border of the earth s disk as 
seeu from the moon as well as by the general want of 
transparency caused by invisible vapor which is especially 
effective in the lowermost strata withm threeorfour miles 
of the surface and which will impart to all the rays they 
transmit the ruddy hue of sunset only of double the depth 
of tint which we admire in our glowing sunsets by reason 
of the rays hanag to traverse twice as great a thiokaess oi 
atmosphere This redness will be most intense at the 
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points X, y, of tho moon’s path through the umbra, and 
Will thence degrade very rapidly outwardlj, over the spaces 
X C, y c, less 80 inwardly, over x y And at C, c, its hue 
will be mingled with the blnish or greenish light which 
the atmosphere scatters by irregular dispersion, or in other 
words by onr twilight (art 44) Kor will the phenomenon 
be' uniformly conspicuous at all times Supposing a gener 
ally and deeply clouded state of tbe atmosphere around the 
edge of the earth's disk visible from the moon (t e around 
that great circle of the earth, in which, at tbe moment the 
sun is m the horizon) little or no refracted light may reach 
the moon * Supposing that circle partly clouded and partly 
clear, patches of red light corresponding to tbe clear por 
tions Will be thrown into tbe umbra, and may give nse to 
various and changeable distnbations of light on tbe eclipsed 
disk," while, if entirely clear, the eclipse will be remark 
able for the coospicuousness of the moon during the whole 
or a part of its immersion in tbe umbra ' 

(425 ) Owing to the great size of the earth, the cone of 
its umbra always projects far beyond the moon, so that, 
if, at the time of a lunar eclipse, the moon s path be prop 
e’rly directed, it is sure to pass through the wmira This 
13 not, however, tbe case in solar eclipses Zt so happens, 
from the adjustment of the size and distance of the moon, 
that the extremity of her umira always falls near the earth, 
but sometimes attains and sometimes falls short of its sur 
face In the former case (represented in the lower figure, 

* Ab In the eclIpseB of June 6 1620 Apnl S$ 1642 laTande Ast. 1769 
Also December 9 1601 and Jane 10 1816 on which occasion the moon Was 
inTisible eren In telescopes. 

I* As in the eel pse of Oct 13 1837 obserred bj the author 

u As In that of Hatch 13 1848 when the moon te described as pg mg 
* (rood light ’ during more than an hour after Its total immersion and some 
penoDs eren douhtod its be ng eclipsed. {Notices of B. Ast Boc. rlu. p. 133 ) 
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nrt 420) a black cpot, surrounded by a famtor shadow, la 
formed, boyoud which there w no cclipso on any part of the 
earth, but within which there raaj be cither a total or partial 
one as the spectator is within the umbra or penumbra 
When the apex of the umbra falls on the surface, the moon 
at that point will appear, for an instant, to just cover the 
sun, but, when it (alls short, thcro will bo no total eclipse 
on any part of the earth, but a spectator, situated in or near 
the prolongation of the axis of the cone, will see the whole 
of the moon on the sun, althongh not large enough to cover 
It, < e he will witness aa annular eclipse, a phenomenon to 
which much interest is attached by reason of Bomo carioas 
optical phenomena first observed by Mr Baily nt the mo 
meats of the forming and breaking of the annulus, like 
beads of light aUernating with black thready elongations 
of the moon's limb, known by the name of “Baily's beads *’ 
(426 ) Omng to a remarkable enough adjustment of the 
periods in which the moan’s eynodicat revolution, and that 
of her nodes, are performed, eclipses return alter a certain 
penod, very nearly in the same order and of the same mng 
nitade For 223 of the moon’s mean synodical revolutions, 
or funations, as they are called, will be found to occupy 
6585 32 dajs, and mneteea complete synodical revolutions 
of the node to occupy 6585 78 The difference in the mean 
position of the node, then, at the beginning and epd of 223 
lunations, is nearly insensible, so that a recurrence of all 
eclipses withiQ that interval must take place Accordingly, 
this penod of 223 lunations, or eighteen years and ten days, 

13 a very important one lo the calculation of eclipses It is 
supposed to have been known to the Chaldeans, the earliest 
astronomers the regular return of eclipses having been 
known as a physical fact for ages before their exact theory 
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wa3 nnderstood. In thi<i period there occur ordinarily 70 
eclipses, 20 o{ the moon, and 41 ol the sun, visible in some 
part of the earth. Seven eclipses of cither sun or moon at 
most, and two at least (both of the sun), may occur in n 
year. 

(427.) The commencement, duration, and magnitude of 
a lunar eclipse arc much more easily colculatcd than those 
of 0 solar, being independent of the position of the spectator 
on the earth's surface, and the same as if viewed from iks 
centre. The common centre of the umbra and penumbra 
lies always in the ecliptic, at a point opposite to the sun, 
and the path described by the moon in p-issing through it 
is its true orbit os it stands at the moment of the full moon. 
In this orbit, its position, at every instant, is known from 
the lunar tables and cpbemens; and all wc have, therefore, 
to ascertain, is, the moment when the distance between the 
moon’s centre and the centre of tbo shadow is exactly equal 
to the sum of the seinidiametcrs of the moon and penuvxbra, 
or of the moon and umbrOy to know when it enters upon 
and leaves them respectively. No lunar eclipse can take 
place, if, at the moment of tbo full moou, the sun be at a 
greater angular distauce from the node of the moon’s orbit 
than 11“ 21', meaning by an eclipse the immersion of any 
part of the moon in the vm&ra, as ita contact with the 
penumbra cannot be observed (see note to art. 421). 

(428 ) The dimensions of the shadow, at the place where 
It crosses the moon’s path, require us to know the dtstaoces 
of the sun and moon at the time. These are variable; but 
are calculated and set down, as well ns their semidiameters, 
for every day, in the ephemeris, so that none of the data are 
wanting. The sun’s distance is easily calculated from ita 
elliptic orbit; but the moon’s is a matter of more dilHculty, 
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by rc'i'^on of tlio progrc««aiVe motion of tlio nxi^ of ibo lunar 
orbit (Art 10)) Both, howe\cr, nro rcndily obtaincil 
from the ephemena for every tUy, the sun’s distance being 
given explicitly and the moon s implicitly, from her tabu 
lated apparent diameter 

(428 « ) It de8cr\cs to be mentioned that the moon may 
be seen cehpse<} irhilo the sunwyttaboie the horizon*by 
i spectator properly situated so that both lumjnanes being 
on his mathcraaticnl bonbon shall bo raised aboio it by 
refraction which (art 43) exceeds the apparent diameter of 
cither This singular conjuncture of cirtumstanccs is said 
to haie been obaeried from Montmartre near Pans, by 
the assembled academtemns of that utj m A D 1668 

(128 i ) The full moon which happens ou or nearest to 
the 2l8t of September is called Iho bar7e9t moon because 
It rises from night to night after the full, more nearly after 
Bunsot than any other full moon m the ) ear and is therefore 
favorable lor evening work m carrying in the late crops 
Suppose the lull moon to happen on that daj (the time of 
the antamnal equinox) the sun is then entering Libra, and 
the moon Aries the former setting due west, the latter 
rising dne east, the soutbern half of the ecliptic is then 
entirely above and the northern below the horizon and the 
ecliptic itself makes then the least possible angle with 
the horizon In advancing then 12®, or on© day s motion, 
'tlong the ecliptic (or along its own orbit which is not 
much inclined to it) it will become less depressed below 
the horizon, and have therefore, a lesa hour angle to travel 
over by the diurnal motion after aunaet the next night to 
bring it into view than at any other time The most favor 
able harvest moon la when the full moon falling on the 
21st of September, happens at the same time to be m 
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the ascending node of her orbtt, which then coincides 
with the ^c^nal cqainox. 

(429 ) The physical constitution of the moon is better 
known to us than that of any other hearcnl^ body 
the aid of telescopes, wo discern inequalities in its surface 
which can ho no other than moantains and valleys — for this 
plain reason, that wc see tho shadows cast b^ the former in 
tho exact proportion as to length which the> ought to have, 
when wo take into accoant the inclination of tho sun's rays 
to that part of the moon’s surface on which they stand 
The convex outline of the limb tamed toward tho sun is 
always circular, and very nearly smooth, but the opposite 
border of the enlightened part, wbicli (were tho moon a 
perfect sphere) ought to be ao exact and sharply deCnccl 
ellipse, IS always observed to be extremely ragged, and 
indented witii deep recesses and prominent points The 
mountains near this edge ca^t long black shadows, as they 
should evidently do, when wo consider that tho sun is m 
the act of rising or setting to the parts of tho moon so 
circumstanced But as the enlightened edge advances 
beyond them, i « os the bud to them gams altitude, their 
shadows shorten, and at the full moon, when all the light 
falls m our line of sight, no shadows are seen on any part 
of her surface From micrometrical measures of the lengths 
of the shadows of the more conspicuous mountains, taken 
under the most favorable circumstances, the heights of many 
of them have been calculated Messrs Beer and Maedler, 
in their elaborate work, entitled **Der Mond,” have given 
a list of heights resulting from such measurements, for no 
W-sa. than. 109.1 lamw maundhim.'S., aniftn.g wtoih. owie a.U 
degrees of elevation up to 8569 toises (22 823 British feet), 
or about 1400 feet higher than Chimborazo in the Andes 
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The exiatonco of fluch mountaioa is further corroborated 

their appearance, aa small points or islands of light 
beyond the extreme edge of the enlightened part, which 
ore their tops catching the sunbeams before the inter 
mediate plain, and which, as the light advances, at length 
connect themselves with Jt and appear as promiDences 
from the general edge 

(480 ) The generality of the lunar mountains present 
0 striking uniformity and singularity of aspect They are 
wonderfully numerous espeoinlly toward the southern por 
tion of the disk, occupying by far the larger portion of the 
surface, and almost universally of in exactly circular or 
cup shaped form, foreshortened however into ellipses to 
ward the limb but the larger have for the most part Cat 
bottoms within, from which rises ccntr'illy a small, steep, 
conical hill They offer in short in its highest perfeo 
tion the true volcanic character, as it may be seen in the 
crater of Yesavius and m a map of the volcanic districts 
of the Campi Phlegran * or the Puy de Dome but with this 
remarkable peculiarity viz that the bottoms of many of 
the craters are very deeply depressed below the general 
surface of the moon the internal depth being often twice 
or three times the external height In some of the prin 
cipal ones decisive marks of volcanic stratification, arising 
from successive depc^its of ejected matter and evident 
indications of lava currents streaming outward in all di 
rections may be clearly traced with powerful telescopes 
(See Plate V Jig 2)’ In Lord Rosse s magnificent refiec 
tor, the flat bottom of the enter called Albategmos is seen 
to be strewed with blocks not visible in infenor telescopes, 

• SeeBre slak s mapol the enTirona of Naples andDeanarest sofAnTOi^e. 

From a drawing lakea Tritli a reflector of twenty feet focal length p). 
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vbjlo tho extenor of another (Anatillus) js all hatched o\cr 
wlh deep galhea radjattng toward ita centre What is, 
moreover, extremelj eingular m the geology of the moon 
ta, that, allhoQgh nothing having the character of seaa can 
bo traced (for the dosby spots, which are commonly called 
seas when closely examined, present appearances incompat 
iblo with the aappoailion of deep water) yet there are hrgo 
regions perfectly level, and apparently of a decided alluvial 
character, as there are also here and there chains of moun 
tains whose appearance suggests no suspicion of volcanic 
origin [Sec 430 a, in Koto II ] 

(431) “We perceive on the moon no clouds nor an^ 
other decisive indications of an aimoapbcre Were there 
any, it could not fail to be perceived m the occnltations 
of stars and the phenomena of solar eclipses as well as 
in a great variety of other phenomena The moon s dt 
ameter, for example as measured micromelneally, and as 
estimated by the interval between the disappearance and re 
appearance of a star lo an occultation, oaght to differ by 
twiTO ho?\xoatal T<itta^Uon at. tha vawa a aurfaea No 
appreciable difference being perceived we arc entitled to 
conclude the nou existence of any atmosphere at its edge 
dense enough to cause a refraction of 1' t e having one 
1980th part of the density of the earth s atmosphere In 
a solar eclipse, the existence of any sensible refracting at 
mosphere in the moon would enable us to trace the limb 
of the latter beyond the cusps, externally to the sun s disk 
by a narroxo hut hnlUant line of light extending to some 
distance along its edge Ko such phenomenon is seen 
Very faint stars ought to be extinguished before occulta 
tion, were any appreciable amount of vapor suspended near 
the surface of the moon But such is not the case, when 
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occulted nt the bngbt edge, indeed, the light of the moon 
extinguishes small stars, and even at the dark limb, the 
glare in the sky caused by the near presence of the moon 
renders the occultation of very minute stars unobservable 
But during the continuance of a total lunar eclipse, stars 
of the tenth and eleventh magnitude are seen to come up 
to the limb, and undergo sudden extinction as well as those 
of greater brightness “ Hence, the climate of the moon 
must be very extraordinary, the alternation being that of 
unmitigated aud burning snoshine fiercer than an equate 
rial noon, continued for a whole fortnight and the keenest 
seventy of frost far exceeding that of our polar winters, 
for an equal time Such a disposition of things must pro 
dace a constant transfer of whatever moisture may exist on 
Its surface, from the point beneath the sun to that opposite, 
by distillation in vacuo after the manner of the httle instru 
ment called a cryaphorus The consequence must be abso* 
lute aridity below the vertical sun, constant accretion of 
hoarfrost in the opposite region, and, perhaps a narrow 
zone of running water at the borders of the enlightened 
bemisphere “ It is possible, then, that evaporation on the 
one hand, and condensation on the other, may to a certain 
extent preserve an equilibrium of temperature, and mitigate 
the extreme severity of both climates but this process, 
which would imply the coDtiuual generation and destruo 
tion of an atmosphere of aqueous vapor, must la conform 
ity with what has been said above of a lunar atmosphere, 
be confined within very narrow limits 

(432 ) Though the surface of the full moon exposed 
to us must necessarily be very much heated — possibly to a 
degree much exceeding that of boihng water— yet we /eel 
u ^observed tjymyselXin eel psoorOet. IS lS3t " 6oizie<lofl833 
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CO heat from it, and even in the focus of largo reflectors 
it fails to affect tho thermometer. No doubt, therefore, its 
heat (conformably to what is observed of that of bodies 
heated below tho point of lummositj) is much more readily 
absorbed in traversing transparent media than direct solar 
heat, and is extinguished m the upper regions of our atmos* 
phere, ne\cr reaching the aurfaco of the earth at all. Some 
probability is given to this by the tendency to disappearance 
oj eloudi under the /uU moon, a meteorological /act (for as 
such we think it fully entitleil to rank") for a Inch it is 
necessary to seek a cause, and for which no other rational 
explanation seems to offer As for any other influcnco of 
the moon on the weather, wo have no decisive evidence 
10 Its favor 

(483 ) A circle of one second in diameter, as seen from 
the earth, on the surface of the moon, contains about a 
square mile Telescopes, therefore, must jet be greatly 
improved, before we could expect to see signs of mhabt 
lants, as manifested bj edifices or by changes on the sur 
face of the soil It should, however, be observed, that, 
owing to the small density of the materials of the moon, 
and the comparatively feeble gravitation of bodies on her 
snrface, muscular force would there go six times as fir in 
overcoming the weight of materials as on the earth Owing 
to the want of air, however, it seems impossible that any 
form of life, analogous to those on earth, can subsist there 


” From my own oteorralloni* BWlo<|uil« Independently ot any VnowledffO 
of such a tcndci cy baTing l,e«D obaerTod by oUiera. Uumboldt, however in 
his Personal Narrative speaVs of It well known to tho p Iota sud seamen 
ol Spaiusb America. 

iL Arago has shown from a cooJpaoson of rala registered as having fallen 
during a long period that a shght prepanderanco In reepoct of quantity falls 
neir the new moon over that which Wh near the full. This would be a natural 
and necessary consequence of a pfepondoranco of a cloudless sky about the full, 
and forms therefore, part and parcel M the same meteorological fact. 

ASTBOSOMT— Tol XIX— 1C 
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No appearance indicating vegetation, or the slightest varia 
tion of surface, which can, in onr opinion, fairly be ascribed 
to change of season, can anywhere be discerned 

(434 ) The lunar summer and winter arise, in fact, from 
the rotation of the moon on its own axis, the- period of 
which rotation is exactly equal to its sidereal revolution 
about the earth, and is performed m a plane 1“ SO IV 
inclined to the ecliptic, whose ascending node is always 
precisely coincident with the descending node of the lunar 
orbit So that the axis of rotation describes a conical sur 
face about the pole of the ecliptic in one revolution of the 
node The remarkable coincidence of the two rotations, 
that about the axis and that about the earth, which at 
first sight would seem perfectly distinct, has been asserted 
(but we think somewhat too hastily'*) to be a consequence 
of the general laws to be explained hereafter Be that how 
it may, it is the cause why we always see the same face of 
the moon, and have no knowledge of the other side '* 

(485 ) The moon’s rotation on her axis is uniform, but 
since her motion in her orbit (like that of the sun) is not 
so, wo are enabled to look a few degrees ixiund the equa 
tonal parts of her visible border, on the eastern or western 
side according to circumstances, or, in other words, the 
line joining the centres of the earth and moon fiuctuates a 
little in its position, from its mean or average intersection 


” See ‘ Ed Bbiirgh Batisv ’ No 116 p 1*3 

** Sirange to eay there are pereons wLo find It difficult to regard aa a rota 
tioo on lU own alia that pec 1 ar ty ol the moon a motion which conaiats in 
Its keep ng ll e eatno face alrrajs toward lie earth Should any of our readers 
be m ibia prcd cameot, we recommend bim Co plant a ens upnghC in tl e 
ground and gratip ng It w th both banda walk round it, keep ng as cloie to 
It aa possible with his face always ta ned loaard It wheo the ucm l•hlk)>bio 
aeuratiOD of gidd ness will eSecluslty sst afy h m of the fiict of b s rotation oo 
Ji 3 own axis or be may walk roond a tree always fac ng it. and carrying a 
compass n his hand sod wl lie watd fng the needle dunng a few c rcu U 
endearor to persuade himself that be does not turn upon bis own centre 



0UTUSE3 OF ASTIi0y02IY S()3 

with hersarface, to the ciist or westward. And, moreover, 
since tho axis about which she revolves is neither exactly 
perpendicular to her orbit, nor holds on invariable direction 
in space, her poles come altcroatcly into view for a small 
space at tho edges of her disk. These phenomena are 
known by the name of libratioHS. In consequence of these 
two distinct kinds of libration, the same identical point of 
tho moon’s surface is not always the centre of her disk, and 
we therefore get sight of a zone of a few degrees m breadth 
on all sides of the border, beyond an exact hemisphere. 

(436.) If there bo inhabitants in the side of the moon 
turned toward ns, tho earth most present to them the ex- 
traordinary appearance of a moon of nearly 2® in diameter, 
exhibiting phases compIcmeDtary to those which we see the 
moon to do, but immovatly fixtd t» thj (or, at least, 
ohangiog its apparent place only by the small amount of tho 
libration), while the stars must seem to pass slowly beside 
and behind it. It will appear clouded with variable epots, 
and belted with equatonal and tropical zones correspond- 
ing to our trade-winds; and it may be doubted whether, in 
tbcir perpetual change, the outlines of our continents and 
seas can ever bo clearly discerned. Purmg a solar eclipse, 
the earth’s atmosphere will become visible as a narrow, but 
bright, luminous ring of a rnddy color, where it rests on 
the earth, gradually passing into faint blue, encircling the 
whole or part of the dark disk of the earth, the remainder 
being dark and ragged with clouds. 

(486 a.) Oq the subject of the moon's habitability, the 
complete absence of air noticed m art. 481, if general over 
her whole turfaee, would of course be decisive. Some con- 
siderations of a contrary nature, however, suggest them- 
selves in consequence of a remark lately made by Prof. 
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HaasQQ, nz that the fact of the moon turning always the 
same face toward the earth is in all probability the result 
of an elongation of its figure in the direction of a line jom 
ing the centres of both the bodies acting conjointly with a 
non coinctdenee of tts centre of gravity tLilh its centre of sym 
meiry To the middle of the length of a stick, loaded wuh 
a heavy weight at one end and a light one at the other, at 
tach a string and swing it round The heavy weight will 
assume and maintain a position in the circulation of tlie 
joint mass further from the hand than the lighter This is 
not improbably what takes place in the moon Anticipat 
ing to a certain e-^tent what he will find more fully detailed 
in the next chapter the reader may consider the moon as 
retained m her orbit about the earth by some coercing 
power analogous to that which the hand exerts on the 
compound mass above described through the string Sap 
pose then, its globe made up of materials not homage 
neous and so disposed in its interior that some consid 
erable preponderance of weight should exist excentncally 
situated then it will be easily apprehended that the por 
tion of Its surface nearer to that heavier portion of its solid 
content, under all the circumstances of a rotation so ad 
justed, will permanently occupy the situation most remote 
from the earth Let us now consider what may be expected 
to be tbe distribution of air, water, or other fiuid on the 
surface of each a globe, supposing its quantity not sufficient 
to cover and drown the whole mass It will run toward the 
lowest place that is to say, not the nearest to the centre of 
figure or to the central point of the mere space occupied by 
the moon, but to the centre of the mass or what is called 
in mechanics the centre of gravity There will be formed 
there an ocean, of more or less extent according to the 
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quantity of fluid, directly over tbe heavier nucleus, while 
the lighter portion of the solid material will stand out os a 
continent on the opposite side. And the 'height above the 
level of such ocean to which it will project will bo greater, 
the greater the eccentricity of the centre of g^a^ity. Sup- 
pose then that in the case of the moon this eccentricity 
should amount to some thirty or forty miles, such would 
be the general elevation of the lunar land (or the portion 
turned earthward) above tta ocean, so that the whole of that 
portion of the moon wo see would in fact come to be 
regarded os a mountainous elc%*atton above the sea level. 

(4S6 2>.) In what regards its assumption of a deSnito 
level, air obeys precisely the same bydrostatical laws as 
water. The lunar atmosphere would rest upon the lunar 
ocean, and form in its basin a lake oj air, whose upper 
portions at an altitude such os we are now contemplating, 
would be of excessive tenuity, especially should the lunar 
provision of air be less abundant m proportion than our 
own. It by no means follows, then, from the absence of 
visible indications of water or air on this side of the moon, 
that the other is equally destitute of them, and equally 
unfitted for maintaining animal or vegetable life Some 
slight approach to such a state of things actually obtains 
on the earth itself. Nearly all the land is collected in one 
of its hemispheres, and mneb the larger portion of the sea 
in the opposite (art, 284). Tbero is evidently an excess of 
heavy matenal vertically beneath the middle of the Pacific; 
while not very remote from tbo point of the globe diametri- 
cally opposite rises the great tableland of India, and the 
Himalaya chain, on the aummits of which the air has not 
tmrftf thss a it hss .sw tb^ sea ,Vre^, 

from which animated existence is forever exclnded. 
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(487 ) The best charts o£ the lunar surface are those of 
Cassini, of Russel (engraved from drawings, made by the 
aid of a seven feet reflecting telescope), the seleno topo 
graphical charts of Lohrmann, and the very elaborate 
projection of Beer and Maedler accompanying their work 
already cited Madame "Witte, a Hanoverian lady, has re 
cently succeeded in producing from her own observations, 
aided by Maedler’a charts, more than one complete model of 
the whole visible lunar hemisphere, of the most perfect 
kind, the result of incredible diligence and assiduity 
Single craters have also been modelled on a large scale, 
both by her and Mr Nasmyth Still more recently (1851- 
1863), photography has been applied with success to the 
exact delineation of the lunar surface, by Mr Whipple, 
using for this purpose the great Fraunhofer equatorial of 
the Observatory at Cambridge, U S , by Mr Hartnup, with 
he equatorial of the Liverpool Observatory, but more es 
pecially by Mr De la Rue, with an equatonally mounted 
Newtonian reflector of 18 inches operture and 10 feet focal 
length [See § 437 u, in Note I ] 


CHAPTER Vm 

Of Terrestn&I OrsTitr — Of ilie Lsw of TfDlverul OrkYitatloa— Falhs of Fro 
Jectiles Appnroot, Beal — Ti e Uoon IteWned m her Orbit b/ Qrsrltj 
—Its Lav of Diminui on— Laws of Elilpt o USiioa— Orbit of Ibe Earth 
Bound the Sun in Accordsnee with these Laws— -Uosacs of lh« Earth 
and Sun Compared— Density of the 8 n— Fotco of Grartly at Its Sur 
face— D sturb D(t Efioct of the 5 in on U e hfnon a htouon 

(488 ) The reader has now been made acquainted with 
the chief phenomena of the motions of the earth in its orbit 
ronnd the snn, and of the moon about the earth — ^We come 
next to speak of the physical cause which maintains and 
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perpetuates these motions, anil causes the masstvo bodies so 
ravolvtng to dertale continually from the directions they 
would naturally seek to follow, in pursuance of the first 
law of motion,* and bend tbeir courses intocunes concave 
to their centres. 

(439.) "Whatever nttcmpla may have been made by meta- 
physical writers to reason away the connection of canse and 
cflect, and fritter it down into the unsatisfactory relation of 
habitual sequence,' it is certain that the conception of some 
more real and intimate connection is quito os strongly im- 
pressed upon the human mind as that of the cxtslcnco of 
an external world — tlio vindication of whoso reality baa 
(strange to say) been regarded as an achioToment of no 
common merit in the annals of this branch of philosophy. 
It is oar own immediate consciousness 0 / ejforl, when we 
exert force to pat matter 10 motion, or to oppose and 
neotralize force, which gives us this internal conviction 
of power and causation so far os it refers to the material 
world, and compels us to belieye that whenever we see 
material objects put in motion from a state of rest, or de- 
flected from tbeir rectilinear paths and changed in their 
velocities if already in motion, it is in consequence of snch 
an EFFORT somehow exerted, though not accompanied with 
our consciousness. That such an eSort should bo exerted 
with success through au interposed space, is no doubt difh- 


• Pnndp. Lox I 

* 6oe llrawa “On Cnuse bdi] SSeet"— * work of greftt aenteness sod subtlecj 
of reasoning on aome poioU, but In wbich tbo whole traia of argament :s yitiaied 
hr ooa eoormona oreraight, the wdushtd. saaielj, of a difttnet and immedta/^ 
personai cm$cwutnn) of eavtation In bis eoumeratlon of Ui&t te^aence of tvenU, 
hr which the Toliuon oC the toind la made to tennioate in the motion of material 
objecti I mean the conaciouioees of offoH, accompanied with intention thorny 
to acoomplisb aa end, as a thiag eutireir diuioet from mere deoiro or volition on 
the one liaod, sod from mere epaaraodic contraetion of muscle* oa the other. 
Brown, 3d edit. Edin. 1818. p dT. (Hot* to edition of 1833 ) 
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calt to coaceive But the difSculty is no way alleviated by 
the interposition of any Lind of material communication 
The action of mind on matter admits of no explanation m 
words or elucidation by parallels We know it is a fact, 
but are utterly incapable of analyzing it as a process 
(440 ) All bodies with which we are acquainted, when 
raised into the air and quietly abandoned, descend to the 
earth s surface m lines perpendicular to it They are there 
for© urged thereto by a force or eCort, which it is but 
reasonable to regard as the direct or indirect result of a 
consciousness and a will existing somewhere though beyond 
oar power to trace which force we term gravity and whose 
tendency or direction, as universal experience teaches, is 
toward the earth s centre or rather, to speaL strictly, with 
reference to its spheroidal figure perpendicular to the flur 
face of still water But if we cast a body obliquely into the 
air, this tendency though not extingmsbed or dimmished, 
IS matenally modified in its ultimate eifeot The upward 
impetus we give the stone iS| it is true, after a time de 
stroyed, and a downward one communicated to it which 
ultimately brings it to the surface, where it is opposed in 
Its further progress, and brought to rest But all the while 
It has been continually deflected or bent aside from its rec 
tilinear progress and made to describe a curved line con 
cave to the earth s centre, and having a highest point, vertex, 
or apogee, just as the moon has in its orbit, where the direc 
tion of its motion is perpendicular to the radius 

(441 ) When the stone which we fling obliquely upward 
meets and is stopped in its descent by the earth’s surface, 
its motion is not toward the centre but inclined to the 
earth’s, ladvua at the aatae angle aa whew rt qvsitted coi 
hand As we are sure that, if not stopped by the resist 
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once ol tbc einh it woald contmac to descend, and tbit 
obhquehj, what prcsamplion, we maj ask, is there tint it 
would ever reach the centre toward which its motion, m 
no part of its Msible course, was ever directed? 'WMmt 
reason have we to believe that it might not rather circulate 
round it, as the moon docs round the earth, returning a^^am 
to the point it set out from, after completing an elliptic 
orbit of which the earth’s centre occupies the lower focus? 
And if so, is It not reasonable to imagine that the same 
force of gravity may (since we know that it is exerted at 
all accessible heights above the snrface, and even in the 
highest regions of the atmosphere) extend as far os CO radii 
of the earth, or to the moon? and may not this be the 
powcr~for sotm power there mu4t be— which deflects fer 
at every instant from the tangent o! her orbit, and keeps 
her ID the elliptic path which experience teaches us she 
actoally pursues? 

(442 ) If a stone be whirled round at the end of a string 
It will stretch the string by a cenlrt/uqal force, which, if the 
speed of rotation be sufHcieotly increased, will at length 
break the string, and let the stone escape However strong 
the string, it may, by a aufficient rotary velocity of the 
stone, be brought to the utmost tension it will bear withont 
breaking, and if we know what weight it is capable of 
carrying, the velocity necessary for this purpose is easily 
calculated Suppose, now, a string to connect the earth s 
centre with a weight at its sorface, whose strength should 
be just sufTicient to sustain that weight suspended from it 
Ijet us, however for a moment imagine gravity to have no 
existence and that the weight is made to revolve with the 
Umiling veCoetty wftich that atriog can barefy counteract, 
then will Its tension be just equal to the weight of the 
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revolving body; and any power wliich should continually 
urge tho body toward the centre ^7ith a force equal to its 
weight would perform the office, and might supply the 
place of tho string, if divided. Divide it then, and in its 
place let gravity act, and the body will circulate as before; 
its tendency to the centre, or it$ weight, being just balanced 
by Its centrifugal force. Knowing the radius of the earth, 
wo can calculate by the principles of mechanics the peri- 
odical time in which a body so balanced must circulate to 
keep it up; and this appears to be 3^ 23“ 22'. 

(448.) If we make the same calculation for a body at the 
distance of the moon, supposing its weight or gravity the same 
as at the earth's surface, we shall find the period required to 
be 10'’ 46“ SO*. The actual penod of the moon’s revolution, 
however, is 27* 7^ 48“, aud hence it is clear that the moon’s 
velocity is not nearly sufBcieot to sustain it against such 
a power, supposing it to revolve in a circle, or neglecting 
(for the present) the slight ellipticity of its orbit. In order 
that a body at the distance of the moon (or the moon itself) 
should be capable of keeping its distance from the earth by 
the outward effort ol its centrifugal force, while yet ita tune 
of revolution should be what the moon’s actnally is, it will 
appear* that gravity, instead of being as intense as at the 
surface, would require to be very nearly 8600 times less 
energetic; or, in other words, that its intensity is so en- 
feebled by the remoteness of the body on which it acts, 
as to be capable of producing in it, in the same time, only 
f^th part of the motion which It would impart to the same 
mass of matter at the earth’s surface. 

(444 ) The distance of the moon from the earth’s centre 
is very nearly sixty times the distance from the centre to 

* NewtoD, Friocip. b. L, F»|>. 4, Cor. t. 
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the surface, and 8600 1 60* 1*, ‘‘o that the proportion 

m which wo must admit the earth’s gravity to be enfeebled 
at the moon's distance, if it be really the force which retains 
the moon in her orbit, mast be (at least in this particular 
instance) that of the squares of the distances at which it is 
compared Now, in such a diminution of energy with in 
crease of distance, there la nothing jirtma fane inadmissible 
Emanations from a centre, such as light and heat, do really 
dimmish in intensity by increase of distance, and in tins 
identical proportion , and thongh we cannot certainly argue 
much from this analogy, yet we do see that the power of 
magnetic and cleotnc attractions and repulsions is actually 
enfeebled by distance, and much more rapidly than in the 
simple proportion of the increased distances The argu 
meat, therefore, stands thus ->On the one baud, Gravity is 
a real power, of whose agency we have daily experience 
We know that it extends to the greatest accessible heights, 
and far beyond, and we eee no reason for drawing a lino at 
any particular height, and there asserting that it must cease 
entirely, though we have analogies to lead us to suppose 
its energy may dimmish as we ascend to great heights from 
the surface, such as that of the moon On the other hand 
we are sure the moou te urged toward the earth by some 
power which retains her in her orbit and that the intensity 
of this power is each as would correspond to a gravity 
diminished in the proportion — otherwise not improbable — 
of the squares of the distances If gravity be not that 
power, there xnast esist some other, and, besides this, 
gravity must cease at some inferior level, or the nature of 
the moon must be difierent from that of ponderable matter, 

for it not, It would be urged by both powers, and therefore 

loo mack urged and forced inward from her path 
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(445 ) It IS on such an argument that Newton is under 
stood to bare rested, in the first instance, And prorisionally, 
his law of umversal gravitation, which niay be thus ab* 
stractly stated — “Every particle of matter in the nmrerse 
attracts every other particle, with a force directly proper 
tioned to the mass of the attracting particle, and inversely 
to the square of the distance between them ” In this ab 
stract and general form, however, the proposition la not 
applicable to the case before na The earth and moon are 
not mere paritcles, but great spherical bodies, and to such 
the general law does not immediately apply, and, before 
we can make it applicable, it becomes necessary to inquire 
what will be the force with which a congeries of particles, 
constituting a solid mass of any assigned figure, will attnict 
another such collection of material atoms This problem 
18 one purely dynamical, and, in this its general form, is 
of extreme difficulty Fortunately, however, for human 
knowledge when the attracting and attracted bodies are 
Bpheres, it admits of an easy and direct solution Newton 
himself has shown (Frtnctjj b i prop 75) that, la that case, 
the attraction is preoisefy the same os if the whole motter of 
each sphere were collected into its centre and the spheres 
were single particles there placed, so that, m this case, the 
general law applies m its strict wording The effect of 
the tnfiing deviation of tlie earth from a spherical form 
13 of too minute an order to need nttcntioa at present It 
18 however, perceptible, and may be hereafter noticed 
(446) The next step in the Newtonian argument is one 
which divests the law of gn\itation of its proMSional 
character, as dented from a loo«e and superflcial consulem 
lion of the lunar orbit ns a circle desenbed with an aternge 
or mean velocity, and elevates it to the rank of a general 
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and primordial relation by proving its applicability to the 
Etato of existing natnro in all its circnmstances This eiop 
consists in demonstrating, as he has done* (Princip i. 17, t. 
75), that, under the inflnence of such an attractive forco 
mutually urging two spherical gravitating bodies toward 
each other, they will each, when moving m each other's 
neighborhood, be deflected into an orbit concive toward 
the other, and describe, one about the other regarded as 
fixed, or both round their common centre of gratnty, curves 
whose forms are limited to those figures known in geometry 
by the general name of conic sections It wiU depend, he 
shows, in any assigned case, upon the particular circum 
Stances of velocity, distance, and direction, which of these 
curves shall be describcd^wbether an ellipse, a circle, a 
parabola, or a hyperbola, but one or other it must be, and 
any one of any degree of excentncity it may be, according 
to the circumstances of the case, and, in all cases, the point 
to which the motvon is referred, whether it be the centre of 
one of the spheres, or their common centre of gravity, will 
of necessity be the focus of the conic section described He 
shows, fnrtbermore {Prtnetp i 1 ), that, in every case, the 
angular velocity with which the line joining their centres 
moves, mast be inversely proportional to the square of their 
mutual distance, and that equal areas of the curves described 
will be swept over by their fine of junction in equal times 


* We refer for these f indsmeDU) propositions ss a point of d itj to the 
ImmoTtal work In which they were first proponnilefi. It Ss Imposalblo for us in 
this Tolame to go into these inreetigsUonB even did our liniits permit It would 
bo utterly Inconsisteoi with our plan • genernl idea, however, of their conduct 
wQl he g Ten lu the next chapter Wo (rast that the caretol and atlentiTe study 
of the Principia fa Us orignitl form will never be laid aside whatever be the 
improvements of the modern analysis as respects feeility of calcnlation and ez 
prossion From no other iiuarter can a Utoniugh and complete comprehension 
of the mechanism of our syatem (••o fat aa the immediate scope oJ that work 
extends) be anythiog Uke so well, and we may add, so easily obtained. 
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(447.) All this is m conformity with what we have stated 
of the solar and lunar movements. Their orbits are ellipses, 
but of different degrees of excentricity; and this circuiO' 
stance already indicates the general applicability of the 
principles in question. 

(448.) But here we have already, by a natural and^ready 
implication (such is always the progress of generalization), 
taken a further and most important step, almost unperceived. 
"We have extended the action of gravity to the case of the 
earth and sun, to a distance immensely greater than that 
of the moon, and to a body apparently quite of a different 
nature than either. Are we justified in this? or, at all 
events, are there no modifications introduced by the change 
of data, if not into the general expression, at least into the 
particular interpretation, of the law of gravitation? Now, 
the moment we come to numbers, an obvious incongruity 
strikes ua. ‘When we calculate, as above, from the known 
distance of the sun (art. 357), and from the period in which 
the earth circulates about it (art. 305), what must be the 
centrifugal force of the latter by which the bud's attraction 
IS balanced (and which, therefore, becomes an exact meas- 
ure of the sun's attractive eneigy a<i exerted on the earth), 
we find it to be immensely greater than would suflice to 
counteract the earth's attraction on an equal body nt that 
distance — greater in the high proportion of 354936 to 1. It 
is clear, then, that if the earth bo retained in Its orbit nl)out 
the sun hy solar atiracthn, coDlormaWo in its rate of diminu- 
tion with the general law, this force must be no le«s than 
354936 times more intense than what the earth would lie 
capable of exerting, eateris jiaribus, at an equal distance 

(449 ) What, then, are wo to understand from this result? 
Simply this — that the sun attracts as a collection of 354936 
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earths occupying its place would do, or, in other words, 
that the sun contains 3o-i9S6 time*i the mass or quantity of 
ponderable matter that the earth consists of Nor let this 
coticlnsion startle us We hate only to recall what has 
been already shown in art 9&S of the gigantic dimensions 
of this magnificent body, to perceive that, in assigning to 
it so vast a mass, wo are not outstepping a reasonable pro 
portion In fact, when we come to compare its moat with 
Its bull wo find its density* to be less than that of the earth, 
being no more than 0 2oI3 So that it must consist, in 
reality, of far lighter matcnals, especially when wo consider 
the force under which its central parts must be eondco'^cd^ 
This consideration renders it highly probable that an intense 
beat prevails in lU inlcnor by which its elasticity is rem 
forced, and rendered capable of resisting this almost incon 
ceitable pre«<sorc without collapsing into smaller dimensions. 

(150 ) This wiU be more distinctly appreciated if wo 
estimate, os wo are now prepared to do the intensity of 
gravity at the sun s surface 

The attnctiou oC a sphetc being the same (art 445) as 
Its whole mass were collected in its centre will, of course, 
bo proportional to the mass directly and the square of the 
distance inversely and in this ense the distance is the 
radius of the sphere Hence we conclude * that the inten 
Bities of solar and terrestrial gravity at the surfaces of the 
two globes are in the proportions of 27 9 to 1 A pound of 
terrestrial matter at the sun s surface, then, would exert 
a pressure cqnal to what 27 9 such pounds would do at the 

* The denRlcf of a material bod/ la aa Ui« main directly aod the rolumo In 

Tersely bcnco deaiity of Q denalwof® 1 0 3543 1 

* Solar grarity terrcBtrial 31 5 1 the respoctlTB mdli of the 

snnajid earth being 440000 and4000inH«. 
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earth's The efficacy of moscalar power to overcome 
weight IS therefore proportionally nearly 28 tunes less on 
the sun than on the earth An ordinary man, for example, 
would not only be unable to sustain his own weight ou the 
sun, but would literally be crushed to atoms under the load ' 

(451 ) Henceforward, then, we must consent to dismiss 
all idea of the earth’s immobility, and transfer that attribute 
to the sun, whose ponderous mass is calculated to exhaust 
the feeble attractions of such comparative atoms as the 
earth and moon, withoat being perceptibly dragged from 
its place Their centre of gravity lies, as we have nlreaily 
hinted, almost close to' the centre of the solar globe, it an 
interval quite imperceptible from our distance; and wbother 
we regard the earth's orbit as being performed about the one 
or the other centre makes so appreciable diSerenoo in any 
one phenomenon of astronomy 

(452 ) It is in consequence of the mutual gravitation of 
all the several parts of matter, which the Newtonian law 
sapposes, that the earth and moon, while in the act of 
revolving, monthly, in tbeir mutual orbits about their 
common centre of gravity, yet continue to circulate, with- 
out parting company, in a greater annual orbit round the 
sun We may conceive this motion by connecting two un 
equal balls by » short stick, which, at their common centre 
of gravity is snspended by a long etnng and made to gj rate 
conically round a point vertically below that of suspension. 
Their ]oiDt system will circulate os one pendulous mass 
about this imaginary centre, while yet they may go on 
circulating round each other in subordinate gyrations, os if 
the stick were quite free from any such tie, and merely 

^ A OMs welRhlog 12 sMoe or ISS Km. oo the cuth weold produce a pree- 
sore of 4SS1 tha. oa the auu. 
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burled through the nir If the earth alone, and not the 
moon, gravitated to the sun, it ^ould he dragged away, 
and leave the moon behind — andttce lersd, but, acting on 
both, they continue together under ite attraction, just as 
the loose parts of the earth’s sorface continue to rest npon 
it It 13, then, in strictness, not the earth or the moon which 
describes an ellipse around the sun, but their common 
centre of gravity Ihe effect is to produce a small, but 
very perceptible, monthly equation in the snn s apparent 
motion as seen from the earth, which is always taken into 
account m calcnlatiag the sun s place The moon s actual 
path in its compound orbit round the earth and sun is an 
epicycloidal curve intersecting the orbit of the earth twice 
in every lunar month, and alternately within and without 
it. Bat as there are not more than twelve such months m 
the year, and as the total departure of the moon from it 
either way does not exceed one 400tb part of the radius, 
this amounts only to a slight undulation upon the earth s 
ellipse, go slight, indeed, that i£ drawn in true proportion 
on a large sheet of paper, no eye nnaided by measurement 
with compasses would detect it The real orbit of the moon 
IS everywhere concave toward the eun 

(453 ) Here moreover, i e in the attraction of the sun, we 
have the key to all those differences from an exact elliptic 
movement of the moon in her monthly orbit, which we Lave 
already noticed (arts 407, 409) viz to the retrograde revo 
Intion of her nodes, to the direct circulation of the axis of 
her ellipse, and to all the other denationa from the laws 
of elliptic motion at which we have further hinted If the 
moon simply revolved abont the earth under the infiuence 
of its gravity, none of these phenomena wonld take place 
Its orbit would be a perfect ellipse, returning into itself. 
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and always lying in one and the s-iine plane That it is 
not so, IS a proof that some cause disturbs it, and interferes 
with the earth's attraction, and this cause is no other than 
the sun’s attraction — or rather, that part of it which is not 
equally exerted on the earth 

(454 ) Suppose two stones, side by side, or otherwise 
situated with respect to each other, to be let fall together 
then, as gravity accelerates them equally, they will retain 
their relative positions, and fall together as if they formed 
one mass But suppose gravity to be rather more intensely 
exerted on one than the other, then would that one be 
rather more accelerated in its fall, and would gradually 
leave the other, and thus a relative motion between them 
would arise from the difference of action, however slight 
(455 ) The sun is about 400 times more remote than the 
moon, and in consequence, while the moon describes her 
monthly orbit round the earth, her distance from the sun 
IS alternately ,i,th part greater and as much Jess than the 
earth a Small as this is, it is yet sufficient to produce a 
perceptible excess of attractive tendency of the moon to 
ward the sun, above that of the earth when in the nearer 



point of her orbit, M, and b corresponding defect on the 
opposite part I) , and, in the intermediate positions, not 
only will a difference of forces aabsist, but a difference of 
directions also since however small the lunar orbit M N, it 
IS not a point and, therefore, the lines drawn from the sun 
S to Its several parts cannot he regarded as strictly parni 
lei If, ns we have already seen the force of the sun were 
equally exerted, and in parallel directions on both, no dis 
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turbance of their relative eitaatiooa would take place, but 
from the oou \cribc3tion of these conditions arises a dialurl 
ing force, oblique to the line jotoiog the moon and earth, 
which m some situatioas acts to aeceleraU, in others to 
retard, her elliptic orbitual motion, in some to draw the 
earth from the moon, in others the moon from the earth 
Again, the lunar orbit, though very nearly, is yet not quite 
coincident with the plane of the ecliptic, and hence the 
action of the sun, which is very nearly parallel to the 
last mentioned plane, tends to draw her somewhat out of 
the plane of her orbit, and does actually do so — producing 
the revolution of her nodes, and other phenomena less strik 
ing We aro not yet prepared to go into the subject of 
these perturbations, os they are called, but they are intro 
duced to the reader e notice as early as possible for the 
purpose of reassunng his mind, should doubts have arisen 
os to tbe logical correctness of onr argnment, in conse 
quence of our temporary neglect of them while working 
our way upward to tbe law of gravity from a general 
consideration of the moon’s orbit 


. CHAPTEB IX 
or THE SOLAB STSTEM 

Appareot tlotMns of tha Fluets— The r Stations and Retrogredst ons — Tbe 
Sun tbe r Netorel Centre of Uotion— Icfenor Planets — The r Fbaaee 
Periods et& — D mens ons and Fone of cLeir Orb ta — Trai aita across 
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— Ita Hebucenir c and Geoeentne PUco— Bmp r cal Inw of FUnetarj 
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(45^ ) Tsc sss ssyd stoaa tha aalp aeiestisl 

jects which appear to have a motion independent of that 
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by which the great ooDstelUtioa of the heavens is daily 
earned round the earth Among the stars there are sev 
oral — and those among the brightest and most conspicaous 
— which when attentively watched from night to night, are 
found to change their relative sitnations among the rest, 
some rapidly others much more slowly These are called 
planets Four of them — Venus Mars Jupiter and Saturn 
— are remarkably large and brilliant another, Mercury, la 
also visible to the naked eye as a large star, but for a 
reason which will presently appear, is seldom conspicuous 
a sixth Uranus is barely so discernible while the rest of 
which about fifty are already known and probably many 
more remain to be discovered are visible only through 
telescopes and with one exception (that of Neptune) can 
only he known among the multitude of minute st^rs those 
instrnn ents reveal to us by watching them from night to 
night and atteuding to their changes of place All these 
have been discovered since the commencement of the oar 
rent century and forty five of them since 1844 A list of 
their names discoverers and the dates of their respective 
discovery will be found in the Appendix All of them 
but Keptune belong to a peculiar and very remarkable 
class or family of planets to which the ‘name of Asteroids 
has been ass gned 

(457 ) The apparent motions of tbo planets arc much 
more irregular than those of the sun or moon Generally 
speaking and comparing their places at distant times they 
all advance though with >ery dillerent aieraye or mean 
Nelocities in the same direction as those lummanes t e in 
opposition to the apparent dinroal motion or from west 


> Odo cdI; Vegis U tad to liSTe be«n onco teen 
naked eye. 


by Schrdtor with the 
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to cost all of them make the entire tour of the heiven<«, 
though under very different circumstances and all of them, 
\vitb the exception of certain among the telescopic planets, 
are confined in their visible paths within >ery narrow limits 
on either side the ecliptic, and perform their movements 
within that zone of the heavens we have called, above, 
the Zodiac (art 803) 

(4o8 ) The obvious conclusion from this is, that what 
e\cr be, otherwise, the nature and law of their motions, 
they are performed nearly tn the plane of the echplie—ihgX 
plane, namely, in which our own motion about the sun is 
performed Hence it follows, that we see their evolntions, 
not in plnn^ but in techon, their real angular movements aud 
linear distances being all foreshortened and confoonded in 
distingoishably, while only their deviations from the eclip 
tic appear of their natural magoitnde, undiminisbed by the 
effect of perspective 

(450) The apparent motions of the sun and moon, 
though not uniform, do not deviate very greatly from 
uniformity, a moderate acceleration and retardation, ac 
countable for by the ellipticity of their orbits, being all 
that IS remarked But the cose is widely different with 
the planets sometimes they advance rapidly, then relax 
in their apparent speed — come to a momentary stop, and 
then actually reverse their motion and run back upon 
their former course, with o rapidity at first increasing, 
then diminishing till the reversed or retrograde motion 
c ases altogether Another e&zfion, or moment of apparent 
re^t or indecision now takes place after which the move 
m nt IS agam reversed, and resumes its onginal direct 
character On the whole however, the amonnt of direct 
moti >n more than compensates the retrograde, and by the 
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excess of the former over the latter, the gradual advance of 
the planet from west to east is maintained Thus, suppos 
iDg the Zodiac to be unfolded into a plane surface (or rep 
resented as in Mercator a projection, art 283 taking the 

ecliptic E C for its ground line), the track of a planet when 
mapped down by observation from day to day, will offer the 
appearance P Q R S etc the motion from P to Q being 
direct at Q stationary from Q to R retrograde at B again 
stationary from R to S direct and so on 

(460 ) In the midst of the irregnlanty and fiuctaation 
of this motion one remarkable feature of uniformity is 
observed Whenever the planet crosses the eohptic, as at 
N in the figure it is said (like the moon) to be in its node 
and as the earth necessarily I es in the plane of the ecliptic, 
the planet cannot be apparently or uranographtcally situated 
in the celestial circle so called without being really and 
locally situated %n that plane The visible passage of a 
planet through its node then is a phenomenon indicative 
of a circumstance in its real motion quite independent of 
the station from which wo view it Now it is easy to 
ascertain by observation when a planet passes Irom the 
north to the south side of the ecliptic we have only to 
convert its right ssceosioas 'ind declinations into longitudes 
and latitudes and the change from nortli to south latitude 
on two successive days will advertise us on what day the 
transition took place while a simple proportion grounded 
on the observed state of its motion tn laMude in the inter 
val will snfiice to fix the precise hour and minute of its 
arrival on tho ecliptic Now this being done for sovoral 
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transitions !rom side to side of tbe ecliptic, and tbeir dates 
thereby fixed, we fmd, um\ crsallj, that the internal of time 
elapsing betiveen the succe^ne passages of each planet 
through the same nod^ (whether it bo the ascending or the 
descending) is always alike, whether the planet at tbe mo 
meat of such passage be direct or retrograde, swift or slow, 
m Its apparent movement 

(461 ) Ilere, then, we have a circumstance which, while 
it shows that the motions of the planets arc in fact subject 
to certain laws and fixed penods, may lead ns very natu 
rally to suspect that the apparent irregnlanties and com* 
plexities of their movements may be owing to our not sco 
mg them from their natural centre (arts 338, 371,) and from 
oar mixing up with their own proper motions movements of 
a parallactic kind, due \o our own change of place, id virtue 
of tbe orbital motion of tbe earth about the sun 

(462 ) If we abandon the earth as a centre of the planet 
ary motions, it cannot admit of a moment’s hesitation where 
We should place that centre with tbe greatest probability of 
truth It must surely be the aun which is entitled to the 
first tnal, as a station to which to refer to them If it be 
not connected with them by any physical relation, it at least 
possesses the advantage, which the earth does not, of com 
parative immobility But after what has been shown in 
art 449, of the immense mass of that luminary, and of the 
ofBce It performs to ns as a qniescent centre oi our orbilual 
motion, nothing can be more natural than to suppose it may 
perform tbe same to other globes which, like tbe earth may 
be revolving round it, and these globes may be visible to 
us by its light reflected from them as the moon is Now 
there are many tacts which give a strong support to the 
idea that the planets are in this predicament 
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(463 ) In the first place, the planets really are great 
globes, of a size commensurate with the earth, and several 
of them much greater When examined through powerful 
telescopes, they are seen to be round bodies, of sensible 
and even of considerable apparent diameter, and offering 
distinct and characteristic peculiarities, which show them 
to be material masses, each possessing its individual struc 
ture and mechanism, and that, m one instance at least, an 
exceedingly artificial and complex one (See the represen 
tations of Mars, Jupiter and Saturn, in Plate III ) That 
their distances from os are great, much greater than that 
of the moon, and some of them even greater than that of 
the sun, we infer, Ist, from their being occulted by the 
moon and 2dly, from the smallness of their diurnal paral> 
lax, which, even for the nearest of them, when most favor> 
ably situated, does not exceed a few seconds and for the 
remote ones is almost imperceptible Prom the comparison 
of the diurnal parallax of a celestial body, with its appar 
eat semidiameter, wo can at once estimate its real size Por 
the parallax is, in fact, nothing else than the apparent semi* 
diameter of the earth as seen from the body in question (art 
839 et«e^), and, the luterveniog distance being the same, 
the real diameters must be to each other in the proportion 
of the apparent ones Without going into particulars it 
will sulllce to state it as a general result of that compari 
son, that the planets are nil of them incomparably smaller 
than the sun, but some of them ns large ns the earth, and 
others much greater 

(464 ) The next fact respecting them is, that their dis 
tances from us, as estimated from the measuremeDl of their 
angular diameters, are in a continual state of change jkh 
odically increasing and decreasing within ccrUun limits, bat 
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by no means corresponding with the sapposition of regular 
circular or elliptic orbits described by them nbout the eirth 
as a centre or focus, but maintaining a constant and obvious 
relation to their apparent angnlar distances or elongations 
from the sun For example, the apparent diameter of ilars 
IS greatest when in opposition (os it is called) to the sun, i e 
when m the opposite part of the ecliptic, or when it comes 
on the meridian at midnight— being then about 18' — but 
diminishes rapidly from that amount to about 4', which is 
ite apparent diameter when in conjunction, or when seen 
in nearly the same direction as that luminary This and 
facts of a similar character, observed with respect to the 
apparent diaroeler^ of the other planeia clearly point ont 
the sun as bating more than an accidental relation to thoir 
movements 

(46o) Lastly, certain of the planets (Mercury, Venus and 
Mars) when viewed through telescopes exhibit the appear 
ance of phases bke those of the moon This proves that 
they are opaque bodies shining only by reflected light, 
which can be no other than that of the sun s not only 
because there is no other source of light external to them 
sujSeiently powerful, but because the appearance and sue 
cession of the phases themselves are (like their visible 
diameters) mtunately connected with their elongations from 
the sun as will presently be shown 

(466 ) Accordingly it is found that when we refer the 
planetary movements to the sun as a centre all that ap 
parent irregularity which they offer when viewed from the 
earth disappears-at once and resolves itself into one simple 
and general law of which the earth s motion as explained 
in a former chapter is only a particular case In order to 
show bow this happens let us take the case of a smgle 

ASTBOSOUT— T ol SIS— H 
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planet, whicli vre will suppose to tovolvo round the sun, in 
a plane nearly, bat not qoito, coincident with the ecliptic, 
but passing through the sun, and of course intersecting the 
ecliptic in a fixed line, which is the line of the planet’s 
nodes. This line tnnst of course divide its orbit into two 
segments; and it is evident that, so long as the circum- 
stances of the plai^et’s motion remain otherwise unchanged, 
the times of describing these segments must remain tbe 
same. Tbe interval, then, between tbe planet’s quitting 
either node, and returning to the satne node again, must be 
that in which it describes one complete revolution round 
the sun, or its periodic time; and thus we are furnished 
with a direct method of ascertamtog the periodic time of 
each planet. 

(467.) We have said (art. 467) that tbe planets make 
the entire tour of the heavens under very different oiroum* 
stances. This must be explained. Two of them— Mercury 
and Venus— perform this circuit evidently as attendants 
upon the sun, from whose vicinity they never depart be- 
yond a certain limit. They are seen sometimes to the east, 
sometimes to the west of it. In the former case they appear 
coQspicnouB over tbe western horizon, just after sunset, apd 
are called evening stars; Venus, especially, appears occa- 
sionally in this situation with a dazzling lustre, and in 
favorable circumstances may be observed to cast a pretty 
strong shadow.* "When th^ happen to be to tbe west of 
the sun, they rise before that laminary in the morning, and 
appear over the eastern horizon as morning stars they do 
not, however, attain the same elongation from the sun. 

' It nuat 1)0 thrown upon a white (otmnd An open window m a white 
washed room la the heat exposure Dt thu situation I hare ohaerred not ouly 
the shadow. 'but the diffracted frioges edging its outline ~II NcU to lAe tdt 
tion of 1B33 Yenua may olcen be boob wiUi the naked eye in the daytime. 
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l^lercuTy neter attains a greater angular distance from it 
than about 29^, while Yenoa extends her excursions on 
either aide to about 47*. When they have receded from 
the BUD, eastviard, to their respcctire distances, they remain 
for a time, as it ^cre, immovable tmih respect to tt, and are 
earned along with it in the ecliptic with n motion equal to 
ita own, but presently they begin to approach it, or, which 
comes to the same, their motion m longitnde dimmiahcs, 
and the sun gains upon them As this approach goes on, 
their continuance above the honzon after sunset becomes 
daily shorter, till at length they set before the darkness has 
become sulBcient to allow of their being seen For a time, 
then, they are not seen at all, unless on very rare occasions, 
when they are to bo observed patstnp across the sun e disk 
as small, round, well defined black spots totally different m 
appearance from the solar spots (art S86) These pbenom 
ena are emphatically called transtts of the respective planets 
across the sun, and take place when the earth happens to 
be passing the hue of their nodes while they are lU that 
part of their orbits, ]uBt as lo the account we have given 
(art 412} of a solar eclipse After having thus continued 
invisible for a time, however, they begin to appear on the 
other side of the sun at first ehowing themselves only for 
a few minutes before sunrise, and gradually longer and 
longer as they recede from him At this time their motion 
in longitude is rapidly retrograde Before they attain their 
greatest elongation, however, they become stationary in the 
heavens, but their recess from the sun is still maintained 
by the advance of that luminary along the ecliptic, which 
continues to leave them behind, until, having reversed 
their motion, and become again direct, they acquire suffi 
cient speed to commence overtaking him — at which moment 
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they have their greatest toestem elongation; and thus is a 
kind of oscillatory movement kept up, while the general 
advance along the ecliptic goes on 

(468 ) Suppose P Q to be the ecliptic, and A B 0 D the 
orbit of one of these planets (for instance, Mercuiy), seen 
almost edgewise by an eye situated very nearly m its plane, 
S, the sun, its centre; and A, B, C, D successive positions 
of the planet, of which B and D arc m the nodes If, then, 
the sun S stood apparently still in the ecliptic, the planets 
would simply appear to oscillate backward and forward 
from A to C, alternately passing before and behind the 
son, and, if the ©ye happened to lie exactly in the plane 
of the orbit, transiting his disk in the former case, and 
being covered by it in the latter But as the sun is not so 



stationary, but apparently oorri^ along the ecliptic P Q, 
let it be supposed to move over the spaces S T, T TJ, U V, 
while the planet in each case executes one quarter of its 
period Then will its orbit be apparently earned along 
with the sun, into the successive positions represented in 
the figure, and while its real motion round the sun brings 
it into the respective points, B, 0, D, A, its apparent move* 
ment in the heavens will seem to have been along the wavy 
or rigzag line A If H K In this, its motion in longitude 
will have been direct in Ibo parts A N, N U, and retrograde 
in the parts H n K, while at the turns of the zigzag, *13 at 
H, It will have been stationary 

(46'> ) The only two planets— ^Tcrcury and Venus— 
whoso evolutions are such as above described, are called 
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infenor planets, thoir points ot furthest recess from tho sun 
are called (as above) their greaUst eastern and western elon 
gations; and their points of nearest approach to it, their 
tn/cnor and superior conjnnctions — tho former when tho 
planet pas«e3 between tho earth and the sun, tho latter 
when behind the snn 

(470 ) In art 467 we havo triced the apparent path of 
an inferior planet, by considcnng its orbit in section, or 
as Mewed from a point in the plane of tho ecliptic Let 
us now contemplate it in plan, or as viewed from a station 
above that plane, and projected on it Suppose then, S 
to represent the sun, abed the orbit 
of Mercury, and A B C D a part of 
that of the earth — tho direction of the 
circulation being the same in both, viz 
that of the arrow When the planet 
stands at a, let the earth be situated at 
A, in the direction o! a tangent, a A, to its orbit, then it is 
evident that it will appear at its greatest elongation from 
the sun — the angle a A S, which measures their apparent 
interval as seen from A, being then greater than in any 
other sitnation of a upon its own circle 

(471 ) Now, this angle being known by observation, we 
are hereby furnished with a ready means of ascertaining, 
at least approximately, the distauce of the planet from the 
sun, or the radius of its orbit, supposed a circle hor the 
triangle S A rt is tight angled at n, and consequently we 
have S a S A sin S A a radios, by which proportion 
the radu S a, S A of the two orbits are directly compared 
If the orbits were both exact circles, this would of course 
be a perfectly rigorous mode of proceeding but (as is 
proved by the inequality of the resulting values of S a ob 
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tamed at difterent times) this is not the case, and it becomes 
necessary to admit an excentneity of position, and a devia 
tion from the exact circnJar form in hoik orbits, to account 
for this diSerence Neglecting, however, at present this 
inequality, a mean or average value of S a may, at least, 
be obtained from the frequent repetition of this process in 
all varieties of situation of the two bodies The calculations 
being performed, it is concluded that the mean distance of 
Mercury from the sun la about 36000000 miles, and that 
of Venus, similarly derived, about 68000000, the radius of 
the earth s orbit being 95000000 

(472 ) The sidereal penods of the planets may be ob 
tamed (as before observed) with a considerable approach 
to accuracy, by observing their passages through the nodes 
of their orbits, and indeed, when a certain very minute 
motion of these nodes and the apsides of their orbits (similar 
to that of the moon's nodes and apsides, but incomparably 
slower) IS allowed for, with a precision only limited by the 
imperfection of the appropriate observations By such ob 
serration, so corrected it appears that the sidereal period 
of Mercury is 87* 23'“ 16” 43 9' and that of Venus 224* 
16‘49"8'0* These periods however, are widely different 
from the intervals at which the successive appearances of 
the two planets at their ea'»terQ and western elongations 
from the sun are observed to happen Mercury is seen at 
Its greatest splendor as an evening star, at average intervals 
of about 116, and Venus at intervals of about 684 days The 
difference between the sidereal and si/nodical revolutions (art 
418) accounts for this Referring again to the figure of art 
470 if the earth stood still at A while the planet advanced 
in Its orbit tl e lapse of a sidereal period, which should 
bring it round again lo o, would also produce a similar 
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elongation from the sun Bnt, meanwhile, the earth has 
advanced in its orbit in the same direction toward and 
therefore the next greatest elongation on the same side of 
the sun will happen — not m the position o A of tho two 
bodies, but in some more advanced position, e B Tho 
determination of this position depends on a calculation 
exactly similar to what has been explained in the article 
referred to, and we need, therefore, only hero state tho 
resulting synodical revolutions of the two planets, which 
come oot rcspectirely 116 877*, and 683 920* 

(473 ) In this interval, the planet will have described a 
whole revolution pliu the arc ace, and the earth only the 
arc A C £ of its orbit During its lapse, the tn/enor con 
junction will happen when the earth has a certain inter 
mediate situation, B, and the planet has reached b, a point 
between the sun and earth The greatest elongation on the 
opposite side of the sun will happen when the earth has 
come to C, and the planet to e, where the line of junction 
0 c 18 a tangent to the interior circle on the opposite side 
from M Lastly, the superior coDjnoction will happen when 
the earth smres at D, and the planet at d in the same line 
prolonged on the other side of the sun The intervals at 
which these phenomena happen may easily be computed 
from a knowledge of the synodical periods and the radii 
of the orbits 

(474 ) The circumferences of circles are in the proportion 
of their radii If, then, we calculate the circumferences of 
the orbits of Mercury and Venus, and the earth, and com 
pare them with the tunes la which their revolutions are 
performed, we shall find that the actual velocities with 
which they move in their orbits differ greatly, that of 
lleTOnry being about 109360 miles per hour, of Venus 
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80000, and of Oic earth CS(M0 Tfom this it followB, that 
'll the inferior 'conjuncliDti, or ftl b tithcr phnot is moving 
in the some direction oa the earth, hut tilth n greater >eloc 
it^, It wiH, therefore, leave the earth ie/nOf/ it, and the 
npj^nrent motion of thi planet \icwcd from the earth, will 
be (19 if the planet rtooil still, nml the earth moved in n 
contrary direction from what it really does In this situa* 
tion, then, the apparent motion of the planet most ho con 
trary to the apparent motion of the sun, and, therefore, 
retrograde On the other hand, at the supenor conjunc 
tion, the real motion of the planet being m the opposite 
direction to that of the earth, the rehtivc motion nilJ bo 
the same ns if the planet stood still, and the earth advanced 
with thoir united velocities in its own projicr direction In 
this situation, then, the apparent motion will bo direct 
Both those results oro in nccordnnco with observed fact 
(475 ) Tho stationary points may bo deterinmed by the 
following consideration At a or c, tho points of greatest 
elongation, the motion of the planet is directly to or irocn 
the earth, or along their line of junction, while that of the 
earth is nearly ptrpondicalor to it Ilcro, then, tho appar 
out motion must be direct. At b, tho inferior conjunction, 
we have seen that it must be retrograde, owing to the 
planet's motion (which is there, as well as tho earth's, per 
pendicnlar to tho line of junction) surpaeaiog the earth’s 
Hence, the stationary points ought to he, as it la found 
by observation they do, between a and 6, or c and b, viz 
ID such a position that the obliquity of the planet's motion 
with respect to the line of jnneboa shall just compensate 
for the excess of its velocity, and cause an equal advance 
of each extremity of that line, by the motion of the planet 
at one end, and of the earth at the other so that, for an 
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ipslant of time, tbe •whofe line aliall move parallel to itself. 
The question thus proposed is purely geometrical, and its 
solution on the supposition of circular orbits is easy. Let 
E e and P p represent small area of the orbits of the earth 
and planet described contemporaneously, at the moment 
when the latter appears stationary, about S, tbe sun. Pro* 



dnee p P and e E, tangents at P and E. to meet at B, and 
prolong E F backward to Q, join e p Then since P E, 
p e are parallel we have by similar triangles P p : E c ; : 
P E : B E, and since, putting v and V for the respective 
velocities of the planet and the earth, P p : E c . : o : V; 
therefore 

viViiPE.EE:; bid PER. sin. E P R 
: ; cos SEP; cos. S P Q 
: ; cos. SEP; cos. (S E P -f E S P) 
because the angles S E R and S P B are right angles 
Moreover, if r and R be the radii of the respective orbits, 
we have also 

r:R::sm S E P : sin. (S E P -f-E S P) 
from which two relations it is easy to deduce the values 
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of the two angles SEP nnd ESP, the forjner of whjch 
IS the apparent elongation of tho planet from the sun,' the 
latter the <li0erence of heliocontnc longitudes of the earth 
nnd planet 

(476 ) When we regard the orbits as other than circles 
(which tbej really are), the problem becomes somewhat 
complex — too much so to be here entered upon. It will 
Buffice to state the results which experience verifies, and 
which assign the stationary points of Mercury at from 
IS” to 20** of elongation from the sun, according to cir* 
cumstances, and of Tenus, at an elongation never varying 
much from 29'’ The former continues to retrograde during 
about 22 days, the latter, ^bout 42 

(477) We have said that some of the planets exhibit 
phases like the moon This is the case with both Mercury 
andYenus, and is readily explained bj a consideration of 
their orbits, such as we have above supposed them In 



fact, It requires little more 
than mere inspection of the 
figure annexed, to show, 
that to a spectator situated 
on the earth E, an inferior 
planet, illuminated by the 
sun, and therefore bright 


on the side next to him, and dark on that turned from 


him, will appear full at the superior conjunction A; 
gibbous ({ e more than half full, like the moon between 
the first and second quarter) between that point and the 
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points B 0 of its greatest elongation, half mooned at these 
points, and crescent shaped, or homed, between these and 
the inferior conjanction D. As it approaches this point, 
the crescent ought to thin ofl till it vanishes altogether, 
rendering the planet invisible, unless m those cases where 
It transtU the snn’a disk, and appears on it ns a black 
spot All these phenomena are exactly conformable to 
observation 

(478) The sanation in brightness of Venus in different 
parts of Its apparent orbit is very remarkable This arises 
from two causes 1st the varying proportion of its visible 
illuminated area to its whole disk, and, 2dly, the varying 
angular diameter, or nbole apparent magnitude of the disk 
itself As it approaches its inferior conjunction from its 
greater elongation, the half moon becomes a crescent, which 
(Tims off, but this is more than compensated, for some time, 
by the increasing apparent magnitndc, in consequence of its 
diminishing distance Thus the total light received from 
It goes on increasing, till at length it attains a maximum, 
which takes place when the planet s elongation is about 40° 

(479 ) The transits of Venus are of very rare occurrence, 
taking place alternately at the very unequal but regularly 
recurring intervals of 8, 122, 8 105 8, 122, etc , years in 
succession and always in June or December As astro 
nomical phenomena, they are extremely important, since 
they afford the best and most exact means we possess of 
ascertaining the son’s distance, or its parallax Without 
going into the niceties of calculation of this problem, 
which, owing to the great multitude of circumstances to 
he attended to, are extremely intricate, we shall here ex 
plain its pnncipfe, which, in the ahsiract, is very simple 
and obvious Let E be the earth, V Venus, and S the ^ 
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sun, and 0 D tlie portion o! Venus's relative orbit which 
she describes while m the act of transiting the sun's disk. 
Suppose A B two spectators at opposite extremities of that 
diameter of the earth which is perpendicular to the ecliptic, 
and, to avoid complicating tho case, let us lay out of con 
sideration the earth’s rotation, and suppose A, B, to retain 
that situation during the whole time of the transit Then* 
at any moment when the spectator at A sees the centre of 
Venus projected at a on the son’s disk, he at B will see 
It projected at h If then one or other spectator could sud- 
denly transport himself from A to B, he would see Venus 
suddenly displaced on the disk from a to J, and :/ he had 
any means of noting accurately the place of the points on 



the disk, either by miorometnca! measorcs from its edge, 
or by other means, he might ascertain the angular measure 
of a 2) as seen from the earth Now, since A V a, B V 6, 
are straight lines, and therefore make equal angles on each 
side V, a 5 will be to A B as the distance of Venus from 
the sun is to its distance from (bo earth, or as ^ to 27, or 
nearly as 2} to 1, a b therefore occupies on the sun's disk 
a space 2) times as great as the earth’s diameter, and its 
angular measure is therefore equal to about 2i times the 
earth's apparent diameter at the distance of the sun, or 
(which is the same thing) to fire times the sun’s horizontal 
parallax (art, 298) Any error, therefore, which may be 
committed in meaBuriTig a b, "wiW entail only oneJi/Oi of 
that error on the horizontal parallax concluded from it 
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(480 ) Tho Ihvug to Ije ixsceitained, therefore, is, in fact, 
neither more nor lc«s than the breadth of the zone P Q R S, 
p qr a, included between tho extreme apparent paths of the 
centre of Venus across the sun's disk, from its entry on one 
side to Its quitting it on tho other Tho whole buamess of 
the observers at A, B, therefore, resolves itself into this, 
~to ascertain, with all po«»fliblo care and precision, each at 
his own station, this path— where it enters, where it quits, 
and what segment of the sun’s disk it cuts off Now, one 
of the most exact ways m which (conjoined with careful 
micrometnc measures) this can be done, is by noting the 
time occupied in the whole transit for the relative angular 
motion of Venus being, in fact, very precisely known from 
tho tables of her motion, and the apparent path being very 
nearly a straight line, these times give us a measure (on a 
tery enlarged scale) of the lengths of the chords of the seg 
ments cut off, and the sun e diameter being known also 
with great precision, tbeir versed ernes, and therefore their 
difference, or the breadth of the zone required, becomes 
known To obtain these tunes correctly, each observer 
must ascertain the instants of ingrcB and egress of the 
centre To do this, he most note, 1st, the instant when 
the first visible impression or notch on the edge of the 
disk at P is produced, or the first external contact, 2dly, 
when the planet is just wholly immersed, and the broken 
edge of the disk just closes again at Q or the first internal 
contact, and, lastly, he must make the same observations at 
the egress at R S The mean of the internal and external 
contacts, corrected for the curvature of the son’s limb in 
the intervals of the respective pointe of contact, internal 
and external, gives tho entry and egress of the planet’s 
centre 
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(•181 ) The modifications introduced into this process by 
tlio carth’fi rotation on Us axis, nnd by other geographical 
stations of the obscrtcra thereon than hero supposed, nro 
similar jn their principles to those irbich enter into the 
calculation of a solar eclipse, or the occultation of a star 
by tho moon, only moro refined Any consideration of 
thorn, however, hero, would lead us too far, bat in tho 
Mcw wo ha\a taken of tho subject, it affords an admtrablo 
cxamplo of tho way in which minnto elements in astronomy 
maj become magnified in their effects, and, by being mndo 
subject to measurement on a greatly enlarged scale, or by 
substituting tho measure of time for space, may bo ascer 
tamed with a degree of precision adequate to every purpose, 
by only watching faxorablo opportunities, and faking ad 
vantage of nicely adjusted combinations of circumstance 
So important has this observation appeared to astronomers, 
that at the last transit of Venus, in 176J), expeditions were 
fitted out on the most cfBctcnt scale, by tho British, French, 
litisaian, and other goternmenta, to the remotest corners of 
tho globe, for tho exjiresa purpose of performing it The 
celebrated expedition of Captain Cook to Otaheite was one 
of them The general result of all the observations made 
on this most memorable occasion gives 8*6776 for the sun’s 
horizontal parallax The next two occurrences of this phe 
nomcnon will happen on December 8 1874 and December 
6, 1882 [See Note F, f 657 i i J 

(482 ) The orbit of Mercury is very elliptical, the ex 
centricity being nearly one fourth of the mean distance 
This appears from the inequality of the greatest elongations 
from the sun, as observed at different times and which vary 
between the limits 16® 12 and 28 " 48, and, from exact meas 
ures of such elongations, it is not difSoult to show that the 
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orbit of Ycaus al&o is slightly cxcentnc, and that both these 
planets, in fact, describe elhpsca, having the snn m thoir 
common foens 

(483 ) Trnnuts of Mercury over the sun's disk occasion 
ally occur, ns in the case of Venus, but more frequently, 
those at the aaccndin » node in November, at the descending 
ih ifay The intervals (coosidenng each node sepamtelj) 
are wuoffy either 18 or 7 years, nnd in the order 18, 18, 
18, 7, etc , bat ovring to the considerable inclination of tho 
orbit of Ifcrcury to the ecliptic this cannot be taken ns 
an exact expression of the said rccnircncc and it requires 
a period of at least 217 years to bnng round the transits m 
regular order One vnll occur in the present year (1848), 
the next in 1801 They are of much less astronomical im 
portance than that of Venns on account of the proximity 
of Mercury to the son, which affords a much less favorable 
combination for the determination of the sun s parallax 
(484 ) Let us now consider the superior planets, or tho&e 
whose orbits inclose on all sides that of tbe earth That 
they do so is proved by several circumstances — 1st, They 
are not like the inferior planets, confined to certain limits 
of elongation from the sun, but appear at all distances from 
it oven in tbe opposite quarter of the heavens or, os it is 
called, in opposition, which could uot happen, did not the 
earth at such times place itself between them and tbe sun 
2c]ly, They never appear horned like Venus or Mercury, 
nor even semilunar Those, on the contrary which, from 
tbe minuteness of their parallax we conclude to be the 
most distant from us viz Jupiter, Saturn Uranus and 
Iteptune, never appear otherwise than round a sufEcient 
proof of itself that we sec them always in indirection not 
■very remote from that in which the suns rays illuminate 
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them, and that, therefore, we occupy a station which is 
never very widely removed from the centre of their orbits, 
or, m other words, thit the earth’s orbit is entirely inclosed 
within theirs, and of comparatively small diameter One 
only of them, Mara exhibits any perceptible phase and in 
its deficiency from a circular outline, never sarpasses a 
moderately p’i66ous appearance — tbe enlightened portion of 
the disk being never leas than seven eighths of the whole 
To understand this, we need only cast our 
eyes on the annexed figure, in which E is 
the earth, at its apparent greatest elongation 
from the sun S, as seen from Mars M In 
this position, the angle S M E included 
between the lines S M and E M, is at its 
maximum, and therefore, in this state of 
things, a spectator on tbe earth is enabled 
to see a greater portion of the dark hetni 
sphere of Mars than m any other situation 
The extent ot the phase, then, or greatest 
observable degree of gibbosity, affords a measure — a sure, 
although a coarse and rude one — of the angle S M E and 
therefore of the proportion of tbe distance S M, of Mars, 
to S E, that of the earth from the sun, by which jt appears 
that the diameter o£ tbe orbit of Mara cannot be less than 2] 
times that of tbe eartb'a Tbe phases of Jupiter, Saturn, 
Uranus and Neptune, being imperceptible it follows that 
their orbits must include not only that of the earth, but of 
Mars also 

(485 ) All the superior planets are retrograde m their 
apparent motions when in opposition and for some time 
before and after, bat they differ greatly from each other, 
both m the extent of their are of retrogradation, in the 
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duration of their retrograde movement, and in its rapidity 
when swiftest. It is more extensive and rapid in tho cose 
of Kars than of Jupiter, of Jupiter than of Saturn, of that 
plauet than of Uranus, and of Uranus again than Neptune. 
The angular velocity with which a planet appears to letro* 
grade is easily ascertained by observing its apparent place 
in* the heavens from day to day; and from such observa- 
tions, made about the time of opposition, it is easy to cou- 
elude the relative magmtudes of their orbits, as compared 
with the earth’s, supposing their periodical times known. 
For, from these, their mean angular velocities are known 
also, being inversely as the times. Suppose, then, E e to 
be a very small portion of the earth’s orbit, and K m a cor- 
responding portion of that of a superior planet, desenbed 



on the day of opposition, about the sun S, on which day 
the three bodies he in one straight line S E M X Then 
the angles E S e and M S m are given. Now, if e m be 
joined and prolonged to meet S M continued in X, the 
angle e X E, which is equal to the alternate angle X e Y, 
is evidently the retrogradation of Mars on that day, and 
is, therefore, also given. E e, therefore, and the angle E X «, 
being given in the right angled triangle E c X, the side 
E X is easily calculated, and thus S X becomes known. 
Consequently, in the triangle S tn X, we have given the 
Bide S X and the two angles to S X, and to X S, whence 
the other sides, S to, to X, are easily determined. Now, 
S TO is no other than the radius of the orbit of the superior 
planet required, which in this calculation is supposed cir- 
cular, as well as that of the earth; a supposition not e.xact. 
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but su/Bczentlj' so to afford a satisfactory approximation to 
the dimensions of its orbit, and which, if the process be 
often repeated, in every variety of situation at which the 
opposition can occur, will ultimately afford an average or 
mean value of its diameter fully to be depended upon 
(486 ) To apply this principle, however, to practice, it is 
necessary to know the periodic times of the several planets 
These may be obtained directly, as has been already stated, 
by observing the intervals of their passages through the 
ecliptic, but, owing to the very small inclination of the 
orbits of some of them to its plane, they cross it so obliquely 
that the precise moment of their arrival on :t is not aacer 
tamable, unless by very nice observations A better method 
consists la determining from the observations of several 
successive days, the exact moments of their arriving m 
opposition with the sun, the criterion of which is o differ 
ence of longitudes between the sun and planet of exactly 
180* The interval between successive oppositions thus 
obtained is nearly one synodical period, and would be ex 
actly BO, were the planet s orbit and that of the -earth both 
circles, and uniformly described, but as that is found not 
to be the case (and the criterion is, the tneyuaUly of sue 
cessive synodical revolutions so observed) the average of 
a great number, taken in all varieties of situation in vhich 
the oppositions occur, will be freed from the elliptic m 
equality, and may be taken os a mean synodical period 
From this, by the considerations and by the process of cal 
culation, indicated (art 418) the sidereal periods are readily 
obtained The accuracy of this determination will, of course, 
be greatly increased by embracing a long interval between 
the extreme observations employed In point of lad that 
interval extends to nearly 2000 years in the cases of the 
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planets known to the ancients, who have recorded their 
observations of them in a manner snfScientlj careful to be 
made use of Their periods may, therefore, be regarded as 
ascertained with the utmost exactness Their nnmerical 
values will be found stated, as well as the mean distances, 
and all the other elements of the planetary orbits, in the 
synoptic table at the end of the volume, to which (to avoid 
repetition) the reader is once for all referred 

(487 ) In casting our eyes down the list of the planetary 
distances, and comparing them with the periodic tiroes, we 
cannot but be struck with a certain correspondence The 
greater the distance, or the larger the orbit, evidently the 
longer the period The order of the planets, beginning from 
the sun, is the same, whether we arrange them according to 
their distances, or to the time they occupy in completing 
their revolutions, and is as follows — Mercury, Venus, 
Earth, Mars, the recently discovered family of Asteroids, 
Jupiter, Saturn, Uranus, and Neptune Nevertheless, when 
we come to examine the numbers expressing them, we find 
that the relation between the two senes is not that of simple 
proportional increase The penods increase more than in 
proportion to the distances Thus, the period of Mercury 
IS about 88 days, and that of the Earth 365— being in pro 
portion as 1 to 4 16, while their distances are in the less 
proportion of 1 to 2 66, and a siniilar remark holds good 
lo every instance Still, the ratio of increase of the times 
IS not BO rapid as that of the squares of the distani^es The 
square of 2 66 is 6 6586, which is considerably greater than 
4 15 Ad intermediate rate of increase, between the simple 
proportion of the distances and that of their squares is there 
fore clearly pointed out by the sequence of the numbers, 
but it required no ordinary penetration in the illustrious 
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Kepler, backed by nccommon perserreraoce and industry, 
at a period when the data themselves were involved in 
obscurity, and when the processes of trigonometry and of 
numerical calculation were encumbered with difficulties, 
of which the more recent invention of loganthmio tables 
has happily left us no conception, to perceive and demon 
strate the real law of their connection This connection 
13 expressed in the following proposition — “The squares 
of the periodic times of any two planets are to each other, 
in the same proportion as the cubes of their mean distances 
from the sun “ Take, for example, the Earth and Mars,* 
whose periods are in the proportion of 3652564 to 6869796, 
and whose distance from the son is that of 100000 to 152369, 
and it will be found, by any one who will tale the trouble 
to go through the calculation, tbal^ 

(5652564)' (6869796)* (100000)’ (162369)’ 

(488 ) Of all the laws to which induction from pure 
observation bss ever coadacted man, this thtrd law (as it 
IS called) o/ Kephr may justly be regarded as the most 
remarkable, aad the mast pregoaot with tmpoHaat coose- 
quesces When we contemplate the constituents of the 
planetary system from the point of view which this reja* 
tion affords us, it is no longer mere analogy winch strikes 
us — no longer a general rescmblooce among them, as indi> 
viduals independent of each other, and circnlating about 
the sun, each according to ita own peculiar nature, and 
connected with it by its own peculiar tie The resem* 
bianco is now perceived lo bo » true /opw/y likeness, they 
are bound up in one chain — ^interwoien in one web of 

* Tho express oa of tl la low ol Kepler tetinlroa & alighi inw31fl«ition when 
w« come to the oxlreme nirelj ot sumericol calculat on, lor ibo grentor plaoeta, 
doe to the Inti lonce Of Uicir moaacs. This correcUoa la iupercepilbla for the 
Earth und Usn. 
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mutual relation and harmonious agreement — subjected to 
one pervading influetfce, which extends from the centre 
to the furthest limits of that great system, of which all 
of them, the earth included, must henceforth be regarded 
as members 

(489 ) The laws of elliptic motion about the sun as a 
focus, and of the equable description of areas by lines 
joimng the sun and planets, were originally established 
by K-Cpler, from a consideration of the observed motions 
of Mars, and were by him extended, analogically, to all 
the other planets However precarious such an extension 
might then have appeared, modern astronomy has com 
pletcly verified it as a matter of fact, by the general co 
incidence of its results with entire senes of observations 
of the apparent places of the planets These are found 
to accord eatisfactonly with the assumption of a particular 
ellipse for each planet, whose magnitude, degree of ezeen 
tricity, aud situation in space, are numerically assigned m 
the synoptic table before referred to It is true, that when 
observations are earned to a high degree of precision, and 
when each pfanet is traced through many successive revo 
Intions, and its history earned back, by the aid of calcula 
tions founded on these data, for many centuries, we learn 
to regard the laws of Kepler as only first approximations to 
the much more complicated on^ which actually prevail, 
and that to bnng remote observations into ngorous and 
mathematical accordance with each other, and at the* same 
time to retain the extremely conveuient nomenclature and 
relations of the elliptic ststeu, it becomes necessary to 
modify, to a certain extent, oar verbal expression of the 
faws, and regal’d tbe etretmes! dsts eittnenis 

of the planetary orbits as not absolutely permanent, but 
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Bubj'ect to a series of extremely slow and almost impercep 
tible changes. These changes may be neglected when we 
consider only a few revolutions; but going on from century 
to century, and continually accumulating, they at length 
produce material departures in the orbits from their original 
state Their explanation will form the subject of n subse- 
quent chapter, but for the present we must lay them oBt 
of consideration, as of an order too mmute to affect the 
general conclusions with which we are now concerned. By 
what means astronomers are enabled to compare the results 
of the elliptic theory with observation, and thus satisfy 
themselves of its accordance with nature, will be explained 
presently. 

(4S0.) It will first, however, be proper to point out what 
particular theoretical conclusion is involved in each of the 
three laws of Kepler, considered as satisfactorily established 
>->wbat indication each of them, separately, affords of the 
mechanical force.^ prevalent in our system, and the mode 
in which its parts are connected — and how, when thus con- 
sidered, they constitute the basis on which the Newtonian 
explanation of the mechanisni of the heavens is mainly sup- 
ported. To begin with the first law, that of the equable de- 
scription of areas. — Since the planets move in curvilinear 
paths, they must (if they be bodies obeying the laws of 
dynamics) be deflected from Choir otherwise natural recti- 
linear progress iy force. And from this law, taken as a 
matter of observed fact, it follows, that the dircelion of such 
force, ftt every point of the orbit of each planet, always 
passes ihrov^h the sun. No matter from what ultimate 
cause the power which )r called graWution originatcs-~-be 
it n virtue lodged m the sun as its receptacle, or bo it 
pressure from without, or the resultant of many pressures 
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or sohcitatjons of QnknOTrn fluids, magnetic or electric 
ethers, or impulses — still, when finally brought under our 
contemplation, and summed up into a single resultant cn 
orgy — its direction \ 5 ,/rom every point on all sides toicard 
the sun't centre As an abslnct dynamical proposition, the 
reader imH find it demonstrated bj Newton, m the first 
proposition of the Pnnetpta, with an elementary simplicity 
to which we really could add nothing but obscnrity by am 
phfication, that any body, urged toward a certain central 
point by a force continually directed thereto, and thereby 
deflected into a cumlmear path, will describe about that 
centre equal areas m equal times, and vieeversd that such 
equable description of areas is itself the essential entenon 
of a continual direction of the acting force toward the 
centre to which this character belongs The first law of 
Kepler, then, gives us no information os to the nature 
or intensity of the force urging the planets to the sun, the 
only conclusion it involves is, that it does so urge them 
It 18 a property of orbital rotation under the influence of 
central forces generally and, as such we daily see it exem 
plified in a thousand familiar instances A simple ezpen 
mental illostration of it is to tie a bullet to a thm string, 
and, having whirled it round with a moderate velocity m 
a vertical plane, to draw the end of the string through a 
small ring, or allow it to coil itself round the finger, or 
round a cylindrical rod held very firmly in a horizontal 
position The bullet will then approach the centre of 
motion ID a spiral line, and the increase of its angular 
velocity, and the rapid diminution of its periodio time when 
near the centre, wiU express, more clearly than any words, 
the compensation by which its umform description of areas 
is maintained under a constantly diminishing distance If 
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the motion be reversed, and the thread alloired to uncoil, 
beginning ^ith a rapid impulse the angular velocity will 
diminish by the same degrees ns it before increased The 
increasing rapidity of a dancer s piroueKe, as he draws m 
his limbs and straightens his whole person, so as to bring 
every part of his frame as near as possible to the axis 
of hi8 motion is another instance where the connection of 
the observed effect with the central force exerted, though 
equally real is much less obvious 

(491 ) The second law of Kepler, or that which asserts 
that the planets describe ellipses about the sun as their 
focns involves, as a consequence, the latv of solar gravi 
tation (so be it allowed to call the force, whatever it be, 
which urges them toward the suo) as exerted on each in 
dmdual planet, apart from all connection with the rest A 
straight line dynamically speaking, is the only path which 
can be pursued by a body absolutely free., and under the ac 
tion of no external force All defection into a curve is en 
dence of the exertion of a force, and the greater the defieo 
tioa iQ equal times, the more mtease the force Defection 
from a straight line is only another word for eufiirtwrc of 
path, and as a circle is charactenaed by the uniformity 
of its curvatures in all its parts — so is every other curve 
(as an ellipse) characterized by the particular law which 
regulates the increase and ditnination of its curvature as 
we advance along its circomference The deflecting force, 
then which continually bends a moving body into a curve, 
may be ascertained provided its direction, m the first place, 
and, secondly the law of curvature of the curve itself, be 
known Both these enter os elemeats into the expreaston 
of the force A body may describe for instance, an ellipse, 
under a groat variety of dispositions of the acting forces it 
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may glide along it, for example, as a bead upon a polished 
wire, bent into an elliptic form, in which case the acting 
force 18 always perpendicular to the wire, and the vclocitj 
IS uniform In this caso the joreg is directed to tic ^ed 
centre, and there is no equable description of areas at all 
Or It may describe it as we may see done if we suspend 
a ball by a very long string, and, drawing it a little aside 
from the perpendicular, throw it round with a gentle im 
pulse In this case the acting force is directed to the centre 
of the ellipse, abont which areas are described equably, and 
to which a force proporitonal to the distance (the decom 
posed result of terrestrial gravity) perpetually urges it * 
This 18 at once a very easy experiment, and i very in 
stractive one, and we shall again refer to it In the case 
before us, of an ellipse described by the action of a force 
directed to the /oeus, the steps of the investigation of the 
law of force are these 1st, The law of the areas determines 
the actual velocity of the revolving body at ever} point, or 
the space really run over by it in a given minute portion 
of time, 2dly, The law of curvature of the ellipse deter 
mines the linear amount of deflection from the tangent tn 
die dtreetton of (Je focus which corresponds to that space so 
ran over 8dly, and lastly The laws of accelerated motion 
declare that the intensity of the acting force causing such 
deflection »n tts men directum, is measured by or propor 
tional to the amount of that deflection, and may therefore 
be calculated in anj particular position or generally es 
pressed by geometrical or algebraic symbols, as a lato incle 
pendent of particular positions when that deflection is so 

* U tho uutpCDileil boUr bo o veswl tull of Hiio sand hanag' a small hole at 
Its bottom tba etT pi c tnico of Os ortll will be (aft fa a sand streak on a table 
placi'd below it Tb a neat lUtutratkn Is doe, to Uie beet ot By biowled^ 
to Mr Babbage 
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calculated or expressed "We have here the spirit of the 
process by which Keviton has resolved this interesting 
problem For its geometrical detail, we must refer to the 
8d section of hia Prtnctpia know of no artificial mode 

of imitating this species of elliptic motion, though a rude 
approximation to it — enough, however, to gne a conception 
of the alternate approach and recess of the revolving body 
to and from the focus, and the variation of its velocity — 
may be had by suspending a small steel bead to a fine and 
very long silk fibre, and setting it to revolve in a small 
Orbit round the pole of a powerful cylindrical magnet held 
upright, and vertically under the point of suspension 
(492 ) The third law of Kepler, which connects the dis 
tances and periods of the planets by a general rule, bears 
With It, as Its theoretical interpretation, this important con 
sequence, viz that it is one and the same force, modified 
only by distance from the sun, which retains alt the planets 
in their orbits about it That the attraction of the sun (if 
such it be) is exerted upon all the bodies of our system in 
differently, without regard to the peculiar materials of which 
they may consist, in the exact proportion of their inertiu, or 
quantities of matter, that it is not, therefore, of the nature 
of the elective attractions of chemistry or of magnetic action, 
which 13 powerless on other substances than iron and some 
one or two more, but is of a more universal character, and 
extends equally to all the material constituents of our sys 
tern, and (as we shall hereafter see abundant reason to admit) 
to those of other systems than our own This law, impor 
tant and general as it is, results, as the simplest of corolla 
nes, from the relations established by Newton in the section 
of the Pnnapta referred to (Prop xv ) from which propo 
BitiOQ It results, that li the earth were taken from its actual 
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orbit, and launched anew in apace at the place, m the dtrec 
tion, and ^th tbe velocity of an} of the other planets, it 
would describe the very eamc orbit, and m the same period, 
which that planet actually does, a minute correction of the 
period only excepted, arising from the difference between 
she mass of the earth and that of the planet Small os the 
planets are compared to the aun, some of them are not, as 
tbe earth is, mere atoms m tho comparison The stnet 
wording of Kepler s law as Newton has proved in liis fifty 
ninth proposition, is applicable only to the case of planets 
whose proportion to the central body is absolutely inappre 
ciablc 'When this is not tbe case tbe periodic time is 
shortened in the proportion of tbe aqnarc root of tbe num 
her expressing the sun s mass or inertia, to that of tbe sum 
of the numbers expressing the masses of the sun and planet, 
and in general, whatever be tbe masses of two bodies revolv 
mg round each other under the infiuence of the Newtonian 
law of gravity tbe square of their perioilio time will be ex 
pressed by a fraction whose numerator is tbe cube of their 
mean distance, t e the greater semi axis of their elliptic 
orbit, and whose denomioator is the sum of their masses 
"When one of the masses is incomparably greater than the 
other, this resolves into Kepler s law but when this is not 
tbe ca'^e, tbe proposition thus generalized stands in lieu of 
that law In the system of the sun and planets however, 
the numerical correction thus introduced into tbe results of 
Kepler s law is too small to be of any importance the mass 
of tho laigcst of the planets (Jupiter) being much less than a 
thousandth part of that of the sun "We shall presently^ 
bAwevec perceiv e all the importance of this generalization^ 
when we come to speak of tbe satelhles 

(493 ) It will first, however, be proper to explain by what 
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process of calculation the expression of a planet’s elliptic 
orbit by its elernsnis can be compared with observation, and 
how we can satisfy ourselves that the numerical data con 
tamed m a table of such elements for the whole system does 
really exhibit a trne picture of it, and afford the means of 
determining its state at every instant of time, by the mere 
application of Kepler a laws Now, for each planet, it is 
necessary for this purpose to know, Ist, the magnitude and 
form of its ellipse, 2dly, the situation of this ellipse m 
space, with respect to the ecliptic, and to a fixed line drawn 
therein, 8dly, the local situation of the planet in its ellipse 
at some known epoch and its periodic time or mean angular 
velocity or as it is called, its mean motion 

(494 ) The magnitude and form of an ellipse are deter 
mined by its greatest length and least breadth, or its two 
principal axes but for astronomical uses it is preferable to 
use the semi axis major (or half the greatest length), and the 
oxcentncity or distance of the focus from the centre which 
last IS usually estimated in parts of the former Thus, au 
ellipse whose length is 10 and breadth 8 parts of any scale, 
has for its major semi axis 6, and for its excentricity S such 
parts , but when estimated m parts of the semi axis regarded 
as a unit, the excentricity is expressed by the fraction } 

(495 ) The ecliptic is the plane to which an inhabitant of 
the earth most naturally refers the rest of the solar system, 
as a sort of ground plane, and the axis of its orbit might bo 
taken for a line of departure in that plane or origin of angu 
lar reckoning Were the axw fixed this would be the best 
possible origin of longitudes but as it has a motion (though 
an excessively slow one) there is, in fact, no advantage in 
reckoning from the axis more than from the lino of the equi 
noxes, and astronomers tbereforo prefer the latter, taking 
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account of its variation by the ofToct of precession, and re 
Btonng It, by calculation at every instant, to a fixed position 
Now, to determine the sitnation of the ellipse dc''cribe<l by 
a planet with respect to tins plane, three eltments require to 
bo known —lot, the tuchnatton of the plane of the planet s 
.orbit to the plane of the ecliptic, 2dly, the bnc in which 
these two planes intersect each other, which of necessity 
passes through the sun, and whoso position with respect to 
the line of the equinoxes is therefore gt\cn by stating its 
longitude This lino is called the line of the nodes When 
the planet is in this line m the act of passing from the south 
to the north avde of the ccUptic it is tn xls aicen htxg node 
and its longitude at that moment is the clement called the 
hnjitude cf Me node These two data determine the situa 
tion of M« -plane of the orbit and there onl) remains for the 
complete determination of the situation of the planet s cl 
Iipse, to know boa U is placed tn that plane which (since 
Its focus IS necessarily in the son) is ascertained I y stating 
the longitude of »t» perihelion or tlie place which the extrem 
it^ of the axis nearest the son occupies when orthograj hi 
cally projected on the ecliptic * 

(496 ) The dimensions and situation of the planet s orbit 
thus determined it only remains for a complete acquaint 
ance with its history to determine the circumatances of its 
motion in the orbit so precisely fixed Non for this pur 
pose, all that is needetl is to know the moment of time when 
it 18 either at the perihelion or at any other precisely deter 
mined point of its orbit aod its whole period for these 
being known the law of the areas determines the place at 

* WhaC Is nMt impropertj called in some book* the lo g Cude of the perl 
Let on on the orb t gab nken «r« or an kn^lo mode up of two In d Sc cnl 
pHneg tIz trom the e<^n nox to the node on the ccl pt c and thence to the 
leohclon on the orb t 
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every other inatanl This momeat is called (when the pen 
heUon 13 the point chosen) the perihelion passage^ or, when 
Bome point of the orhit is fixed upon, without special refer 
ence to the perihelion, the epoch 

(497^) Thus, then, we hare eeven particulars or elements, 
which must be numerically stated, before we can reduce to 
calculation the state of the system at any given moment 
But these known, it is easy to ascertain the apparent posi 
tions of each planet, as it would be seen from the son, or is 
seen from the earth at any time The former is called the 
hehocentrtCy the latter the geocentric, place of the planet 
(488 ) To commence with the heliocentric places Xet S 
represent the sun, PAN the orbit of the planet, being an 
ellipse, having the S m its focus, and A for its perihelion, 
ond let ^ a N r represent the projection of the orbit on the 
plane of the ecliptic, intersecting the line of equinoxes 5 T 
in r, which therefore, is the origin of longitudes Then 
will S N be the hoe of nodes, and if we suppose B to lie on 
the south, sod A on the north side of the ecliptic, and the 
direction of the planet's motion to be 
from B to A, N will be the, ascending 
node, ond the angle 1* S N the longi 
tude of the node In like manner, if P 
be the place of the planet at any time, and if it and the 
perihelion A be projected on the ecliptic, upon the points 
p, o, the angles f*Sp, T S o, will be the respective heho 
centric longitudes of the plinet and of the perihelion, the 
former of which is to be determined, and the latter is one 
of the given elements Lastlj, the angle p S P is the 
heliocentric latitude of the planet, which is alao required 
to be known 

(499) Now, the time being gnen and also the moment 




oi7rxj?.i3 OF Asrno.voifr 


415 


of the plaoel's passing tho periheLoo, the interval, or the 
time of de'^cnbing the portioo A F of the orbit, la given, 
and the periodical time, and .the whole area of the ellipse 
being known, the law of proportionality of areas to the times 
of their description gi\e3 the magmtndo of the area ASP. 
From this it is a problem of pure geometry to determine the 
corresponding angle A S P, which is called tho planet’s true 
anomaly This problem is of the kind called transcenden- 
tal, and baa been resolved by a great variety of processes, 
some more, somo leas intricate It oilers, however, no 
peculiar difficulty, and is practically resolved with great 
tacibiy by the help of tables constructed for tho purpose, 
adapted to tho case of each particular planet ' 

(500 ) Tho true anomaly thus obtained, the planet’s angu- 
lar distance from the node, or the angle N S P, is to be 
found Nojr, the longitudes of tho pcnhelion and node 
being respectively Ta and FN, which arc given, their dif 
fcrence a K is also given, and the angle N of the spherical 
right angled triangle A K a, being the inclination of tho plane 
of the orbit to the ecliptic, is known IIcdco we calculate tho 
arc N A, or the angle N S A, wbicb^ added to A S P, gives 
the angle I? 5 P required. And from Ibis, regarded as the 
measure of the arc N P, forming the hypothenuse of the 


* H will readily bo undorstood llwl except in tho caw of oalform clrculor 
motion on *quaW« ioscnptwn of areas about aoy ceotro is Incompal Wo •» 5th 
on «q ioWe dexcription of ongUi TIi« object of tho problem in tl o texi {h to 
pass from the area euppoxed Voown, to the anptr aupposod unknown , id olher 
words to denre the true amount of angular motion from the peribel on or the 
(rus anomaly from wbftt Is tocbDlcaily called tho mean a lomaly that is tt e 
rQ<‘an aiiKulsr motion which would have been porfonsed had the moiion in angle 
beeQ nn lorm Instead e{ the raotiOB ta Brro. It happens fortunately that U la 
Is tl e simplest oi all problems of Uio traDaceodonisI kind and can be resolved 
In the most difficult cnee by ll e role of false potiiioo ’ or trial and error Id 
a very few minutes Kay, it may eren be resolved approximately on inspecilun 
br a simple *' <1 easily constrncted jAaee of mechanism of whii^i tho reader may 
BM a description In tl e Oamfandg;e Ptnlosophical Transactions rol It p 426 by 
tho anlhor ol this wosit. 
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nght angled spherical triangle P N p, whose angle If, as be 
fore, IS known, it is easy to obtain the other two sides, K* p 
and Pp The latter, being the measure of the anglep S P, 
espr^ses the planet's heliocentric latitude, the former meos 
nres the angle Sp, or the planet s distance in longitade 
from Its node, which, added to the known angle /"Slf, the 
longitude of the node, gives the heliocentric longitude 
This process, however circuitous it may appear, when once 
well understood may be gone through numerically by the 
aid of the usual loganthmio and tngonometncal tables, lu 
little more tune than it will have taken the reader to peruse 
its description 

(601 ) The geocentric differs from the heliocentne place 
of a planet by reason of that parallactic change of apparent 
Situation which arises from the earth s motion in its orbit. 
Were the planets distances as vast as those of the stars the 
earth s orbital motion would be insensible when viewed from 
them and they would always appear to us to hold the same 
relative situations among the fixed stars os if viewed from 
the sun, * < they would then be seen in their heliocmlne 
places The difference then between the heliocentric and 
geocentric places of a planet is in fact the same thing with 
its parallax arising from the earth e removal from the cen 
tre of the system and its annual motion It follows from 
this that the first step toward a knowledge of its amount, 
and the conseq^uent determination of the apparent place of 
each planet as referred from the earth to the sphere of the 
fixed stars must be to ascertain the proportion of its linear 
distances from the earth and from the sun as compared with 
tho earth’s distance from the snn, and the angular positions 
of all three with respect to each other 

(502 ) Suppose, therefore, S to represent the sun E tho 
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earth, and P the planet; S 1* the line of equinoxes, T E 
the earth’s orbit, and P p a perpendicular let fall from the 
planet on the ecliptic. Thea will the angle S P E (accord* 
ing to the general notion of parallax conveyed in art. 69) 
represent the parallax of the planet arising from the change 
of station from S to E; E P will be the apparent direction 
of the planet seen from E; and if S Q bo drawn parallel to 
E p, tbe angle I" S Q will be the geo- 
centric longitude of tbe planet, while 
r S £ represents the heliocentric Ion* 
gitnde of the earth, T S p that of 
the planet. The former of these, 

7“ S E, IS given by the aolar tables, the latter, 7 S p, is 
found by the process above described (art. 500) AToreover, 
S P IS the radius vector of tbe planet’s orbit, and S E that 
of tbe earth’s, both of which are determined from tbe known 
dimensions of their respective ellipses, and the places of the 
bodies in them at the assigned time. Lastly, the angle 
P Sp IS the planet’s heliocentric latitude 

(603 ) Oar object, then, is, from all these data, to deter- 
mine the angle 7 S Q, and P E p, which is the geocentric 
latitude. The process, then, will stand as follows: — 1st, 
In the triangle S P p, right-angled at p, given S P, and 
tbe angle P S p (the planet's radius vector and belio 
centric latitude), find S p and Pp, 2dly, In the triangle 
S Ep, given S p (just found), S E (tbe earth’s radius vec- 
tor), and the angle E S p (the difference of heliocentric 
longitudes of the earth and planet), find the angle SpE, 
and the side Ep The former being equal to the alternate 
p S Q. is the parallactic removal of the planet in 
longitude, which, added to 7 S p, gives its geocentric 
longitude The latter, E p (which is called the curlalt dts- 
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tanee of the planet from the earth), gives at once the geo* 
centric latitude, by means of Uie right-angled triangle F E p, 
of which E p and P are known sides, and the angle 
P E is the geocentric latitude sought. 

(5W.) The calculations required for these purposes are 
nothing but the most ordinaiy processes of plane trigonom- 
etry; and, though somewhat tedious, are neither intricate 
nor difficult. When ezecnted, however, they afford ns the 
means of comparing the places of the planets actually ob- 
served with the elliptic theory, with the utmost exactness, 
and thus putting it to the severest trial; and it is upon the 
testimony of such computations, so brought into comparison 
with observed facta, that we declare that theory to be a trne 
representation of nature. 

(505.) The planets Mercury, Tesus, Man, Jopiter and 
Saturn bare been known from the earliest oges in which 
astronomy has been cultivated. Uranus was discovered by 
Sir W. Herschel in 1781, March 18th, in the course of 
a review of the heavens, in which every star visible in a 
telescope of a certain power was brought nnder close 
examination, when the new planet was immediately de- 
tected by its disk, under a high magnifying power.. It has 
since been ascertained to have been observed on many 
previous occasions, with telescopes of insuOlciont power to 
show Its disk, and even entered in catalogues as a star; and 
some of the observations which have been eo recorded have 
.ybeen used’ to improve and extend our knowledge of its 
orbit. The discovery of the asteroida dates from the first 
day of 1801, when Ceres was discovered by Piazzi, at 
Palermo.^ a discovery speedily followe«l by those of Juno 
by Professor Harrling, of Gbttingen, in 36W; and of Pallas 
and T«ta, by Dr. Olivers, of Bremen, in 1802 and 3807 re- 
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BpectiTolj It « extremely remarkable tbattbia important 
addition to onr aystem had been m aomc sort surnii<ted ns 
a thing not nnlikc!}, on the ground that the intervals be 
tween the orbit oC Mcrcnr} and the other planetary orbits, 
go on donbltng as wo recede from the ann, or ncnrl) so 
Thus, the internal between the orbits of the Earth and 
Mercory is nearly twice that between those of Venus and 
Mercury, that between the orbits of Mars and Jfercury 
nearly twice that between the Earth and Mercury, and so 
on The interval between the orbits of Jnpiter and Xfer 
enry, hQwo\ cr, la much too great, and » ould form an ex 
cepUon to this law, which is, however, again resumed in 
the case of the three planets next in order of remoteness, 
Jupiter, Saturn, and Uranus It was therefore thrown out, 
by the late Professor Bode, of Berlin * as a possible surmise, 
that a planet not then yet discovered might exist between 
Mara and Jupiter, and it maycasi)} be imagined what was 
the astonishment of astronomers on finding not one only, 
but four planets, dilTcring greatly in all the other elements 
of their orbits, but agreeing very nearly, both tnrer re, and 
-with the above stated empincai law, in respect of their mean 
distances from the sun No occount, d prior% or from theory, 


* The proftrcsslrra Is (rather rudel7) that of the numbers 4 4 -f. 3 4 G 
4^13 etc The empincel lew iteeU uwehAve abore aUited it Is ssenbod 
ty Voifoa not to Dodo (who would appeer boweror at all events to Lavo 
firal drawn aitenbon to thts latcrprelsuon of its ioterrvpt on) but to Profenaor 
Turns ol ■Wlnetnberg (Vouon Bopplement to Bailly ) 

Aoolber l*w has been propoeed (in • letter to the writer dated Uarch 
1 1869) br Mr J Jones ofBtjnlpfrpd Wreiham Iftfoplaueis mean 
distsDcee from the sun be arranmd in the followint; order* —Here irj Veo is 
Jupter Saturn —the Earth Uara Uranus beplune — the product of the 
jseans in Mch group ia ae»rij equal to the product of the estreuies 

Mercury * Saturn Mare * Dranue 


^102 andtlelast — — 
is really rery near 


3 reriQcation of the law 
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waa to bo givoo of thj« pingalur progrcp‘’Jon, which la not, 
lihe Kepler « Jaw«, ptnctly exact in nuracncal verification 
blit the circumataticci we have juai mentioned tended to 
create a strong belief that it was Romethmg beyond a mere 
accKfoQtaf comcidencc, and lions refereneo to the c^sentiaf 
atructaro of the planetary ayatem It wtw even conjectured 
that the asteroids aro fragments of aome greater planet* 
which formerly circnlalcd in that interval, bat which has 
been blown to atoms by an explosion, an idea conntenanced 
by the exceeding minuteness of these bodies rrhioh present 
disks, and it was argucil that la that case innumerable more 
such fragments must exist and might come to be hereafter 
discovered Whatever mai be thought of snch n specula 
lion as n physical hypothesis, this conclnsioa has been 
verified to a considcrablo extent as a matter of fact by sub 
sequent discovery, tho result of a careful and minute ex 
nmination and mapping down of the smaller stars in and 
near the zodiac undertaken with that express object. 
Zodiacal charts of tins 1 ind, tho product of the seal and 
industry of many astronomers, havo been constructed, in 
which every star down to tho ninth, tenth, or even lower 
magnitudes is inserted and these stars being compared 
with the actual atars of the heavens the intrusion of any 
stranger within their limits cannot fail to be noticed when 
the comparison is syatematicslly conducted The discovery 
of Astrasa and Hebe by Professor neaoke la 1846 and 1847 
revived tho flagging spirit of inquiry in this direction, with 
what success, the list in the Appendix to this volume will 
best show The labors of our indefatigable countryman, 
Mr Hind, have been rewarded by the discovery of no less 
than eight of them 

(506 ) The discovery of Neptune marks in a signal man 
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ncr the maturity of Astronomical science. Tlio proof, or 
at least the urgent prchumption of tho c:EiEtcncc of such 
a planet, as a means of accounting (by its attraction) for 
certain small irregularities observed in tho motions of 
ITranns, was afforded almost simulLineon«ly by tho inde- 
pendent researches of two geometers, Jlcasrs. Adams of 
Cambridge and Loverricr of Paris, who were enabled, /rota 
theory alone, to calculate whereabout it ought to appear in 
the heavens, i/ lUilU, tho places thus independently calcu- 
lated agreeing surprisingly. iritAin a sinjife degree of the 
place assigned by M. Lcvemcr's calculations, and by him 
communicated to Dr. Gallc of the Royal Observatory at 
Berlin, and witlim two and a half from that intlieated by 
Mr. Adams, it was actually found by Dr. Oallo on tho very 
first night (Sept. 23, 1846) after the receipt of M. Leverncr’s 
communication, on turning a telescope on tho spot, and 
comparing the stars m its immediate neighborhood with 
those previously laid down m one of tho zodiacal charts 
already alluded to.* 

(507.) The me.an distance of Neptune from the sun, how 
ever, bo far from falling id with the supposed law of plan- 
etary distances above mentiooed, oilers a decided case 
of discordance. The interval between its orbit and that 
of Mercury, insteul of being nearly double the interval 

■ CoDttnicteU bj- Dr Orvrniker, ol Berlin On reading tho kUtoiy of this 
noble discovery, wo are rcody to exclaim wllh ScluUer^ 

“yiU dem Genius stebt die Kstur (m ewigom iiundo, 

Waa der yino rcnpitcbi leistet dio Andni guelis " 

Profeseor CbalUs, of the Caiobndice Obaervatory, directing tbs rTorlhurabor 
land telescope of that Insunitioo Co Uie place assigned by ifr Adsms’s cnicula- 
tioos and its vicmlty, on tlio 4th and 12 th of August, 1846, snw tho pisnot on 
both those days, and noted t>s | bi«e (amooi; those of otlier stars] for ro observa 
ticfl ITe, however, (As tvntjwton of the places observed and not 

rcfrscssing Dr Bromlker's chart (which would have at once ind cated tiie pres 
enco of an uninapped star) remained in {gnomaco of the plnneCs existence as 
n visible object till Its announcomeni aesuch by Dr Gallo. 
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between those of Uranna and Mercuiy, does not, in fact, 
exceed the latter interval by much more than half its 
amount This remarkable exception may serve to make 
us cautious in the too ready admission of empirical laws 
of this nature to the rank, of fundamental troths, though, as 
in the present instance, they may prove nsefnl anxiharies^ 
and serve as stepping stones, affording a temporary footing 
in the path to great discoveries The force of this remark 
Will be more apparent when we come to explain more par 
ticularly the nature of the theoretical views which led to 
the discovery of Neptune itself 

(508 ) "We shall devote the rest of this chapter to an ao 
count of the physical peculiarities and probable condition 
of the several planets, so far as the former are known by 
observation, or the latter rest on probable grounds of con 
jecture In this, three features principally strike us as 
necessarily productive of extraordinary diversity in the 
provisions by whicb, if they be, like our earth, inhabited, 
animal life must be supported These are, first, the differ 
ence in their respective supplies of light and heat from the 
sun, secondly, the difference w the mteasities of the gravi 
tating forces which must BubsiHt at their anrfaces, or the 
different ratios which, on their several globes, the tnertue 
of bodies must bear to their weights, and, thirdly, the 
difference in the nature of the materials of which, from 
what we know of their mean density, we hare every reason 
to believe they consist The intcitisity of solar radiation is 
nearly seven times greater on Mercury than on the Earth, 
and on Neptune 900 times less, the proportion between the 
two extremes being that of upward of 6600 to 1 Let any 
one Sgare to bimseJI tbe coadstsoa of aar globe, were the 
sun to be septupled, to say nothing of the greater ratiol or 
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were it dimimshcd to a EeTcotb, or to a 9(H)th of its actual 
power! It la true that owing to the remarkable difference 
between the properties of radiant heat as emitted from 
bodies of very exalted temperature, as the sun, and as 
from such as we commonly term irarm, it is \ cry possible 
that a dense atmosphere surrounding a planet, while allow- 
ing the access of solar heat to its surface, may oppose a 
powerful obstacle to its escape, and that thus the iocblo 
sunshine on a remote planet may be retained and acenmu- 
latcd on its surface in the same way (and for the same 
reason) that a very slight amount of sunshine, or cten the 
dispersed heat of a bright though clouded da>, sulTxcs to 
maintain the interior of a closed greenhouse at a high 
temperature We cannot then ab*oIutely conclude the 
protalcocc of that excessive cold on the surface of a dis 
tant planet which its mere remoteness from the sun might 
lead us, pnmd facxe, to expect 

(608 b ) Again, the intensity of gravitj, or its cfRcaey m 
conntcractiRg muscular power and repressing animal activ- 
ity, on Jupiter, is nearly two and a half times tint on the 
Earth, on Mars not more than one half, on the Moon one 
sixth, and on the smaller planets probably not more than 
'one twentieth, giving a scale of which the extremes are in 
the proportion of sixty to one Lastly, the density of Sat 
urn hardly exceeds one eighth of the Earth’s, so that it 
most consist of materials not heavier on the average than 
dry fir wood Now, under the various combinations of elo 
meats so important to life as these, what immense diversity 
mast we not admit in the conditions of that groat problem, 
the maintcnanco of animal and intellectual existence and 
happines'5, which seems, so far ns wo can judge by what ae 
sec aronnd us m our own planet, and by the wa^ in which 
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every corner of it is crowded with living beings, to form an 
unceasing and worthy object for the exorcise of the Benevo 
lonce and Wisdom which preside over nlll 

(609 ) Quitting, howo\er, the region of more speculation, 
wo will DOW show What information tbo telescope affords ns 
of the actual condition of the several planets withm its reach 
Of Mercury we can see little more than that it is round, and 
exhibits phases It is too bmall, and too much lost in the 
constant neighborhood of the Sun, to allow us to make out 
more of its nature The real diameter of Mercury is about 
8200 miles Its apparent diameter vanes from 5' to 12' Nor 
does Venus offer any remarkable peculiarities although its 
real diameter is 7800 miles, and although it occasionally at 
tains the considerable apparent diameter of 61', which is 
larger than that of any other planet it is yet the most diffi 
cult of them all to dedoe with telescopes The lotense lus 
tre of Its illuminated part dazzles the sight and exaggerates 
every imperfection of tbo telescope, yet we see clearly that 
Its Burfaco is cot mottled over with permanent spots like the 
Moon, wo notieo jn jt nojtber mooDtains nor shadows, but s 
uniform brightness, in which sometimes we may indeed 
fancy, or perhaps mote than fanoy, brighter or obscurer 
portions, but can seldom or never rest fally satisfied of the 
fact It IS from some observations of this kind that both 
Venus and Mercury have been concluded to revolve on their 
axes in about the same tune as the -Earth, thongfa in the case 
of Venus, Bianchini and other more recent observers have 
contended for a period of twenty four times that length 
The most natural conclusion, from the very rare appearance 
and want of permanence m the spots is, that we do not see 
as in the Moon, the real surface of these planets, but only 
their atmospheres, much loaded with clouds, and which may 
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eerre to mitigate the othenrifle intense glare of their eun* 
shine. 

(510.) The case is very diiTerent with Mars. In this 
planet wc frequently discern, with perfect dislinctnesa, the 
outlines of what may ho continents and seas. (Sec Plato III. 
/y. 1, which represents Mars In its gibbons state, as seen on 
the 16th of Augu.<tt, 1830, in the 20*fcct reflector at Slough.) 
Of these, the former are disttognishcd by that ruddy color 
which characterizes the light of this planet (which always 
appears red and flery), and indicates, no doubt, an ochroy 
tinge in the general soil, like what the red sandstone dis- 
tricts on the Earth may possibly offer to the inhabitants of 
Mars, only more decided. Contrasted with this (by a gen- 
eral law in optics), the seas, as we may call them, appear 
greemah.*' These spots, however, arc not always to bo seen 
equally distinct, bat, u'?ien teen, the} offer the appearance 
of forms considerably definite and highly characteristic," 
brought successively into view by the rotation of the 
planet, from the assiduous observation of which it has even 
been found practicable to construct a rude chart of the sur- 
face of the planet. The variety m the spots may arise from 
the planet not being destitnto of atmosphere and clouds; 
and what adds greatly to the probability of this is the ap- 
pearance of brilliant white .spots at its poles — one of which 
appears in oar fignre— which have been conjectured, with 
some probability, to be snow, as they disappear when they 
have been long exposed to the snn, and are greatest when 


I buT^ noticed tbe pbeoomena described In the text on occasions, 
but nerer more distinct ihtn oo tba occasion when the drawing was made from 
which tfie ffgtire in PiaCe I fjcngncfiei. — Astkor 

n xiie reader will find manj- of those forms represented In Schumacher’s 
rinironomwcA* Kae^rtchUn, No 191, 434 , and to the chart in No 349, bj 
Jlcssfs Beer and Uadler 
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just emerging from the long night of their polar winter, the 
snow line then extending toaboat six degrees (reckoned on 
a meridian of Iho planet) from the polov Bj watching the 
spots during a whole night, and on, successire nights, it is 
found that Mars has a rotation on an axis inclined about 
80® 18 to the ecliptic, and m a period of 24* 87“ 28‘ '* in the 
same direction os the Earth ’a„ or from west to east The 
greatest and least apparent diameters of Mars are 4' and 18', 
and Its real diameter about 4100 miles 

(511 ) We now come to a much more magnificent planet, 
Jupiter, the largest of them all, being in diameter no less 
than 87,000 miles, and in bulk exceeding that of the Earth 
nearlj 1800 times It is, moreover, dignified by the attend 
aneo of four mooru, taUlhtes, or tecondary planeU, as they 
are called, which conatantly accompany and revolve about 
It, as the Moon does round the Earth and in the same direc 
tioo, forming with their principal, or primary, a beautiful 
miniature system, entirely analogous to that greater one of 
which their central body is itself a member, obeying the 
same laws, and exemplifying in the most striking and in 
Btructive manner, the prevalence of the gravitating power as 
the ruling principle of their motions of these, however, we 
shall speak more at large in the next chapter 

(612 ) The disk of Jupiter is always observed to be 
crossed in one certain direction by dark bends or belts 
presenting tbe appearance in Plate III fiy 2 which rep 
resents this planet as seen on the 23d of September, 1832, in 
the 20 feet reflector at Slough These belts are, however, 
by no means alike at all times they vary in breadth and in 
situation on the disk (though never in their general direc 

Beer and Madler Jafr J/aekr 349 23< 139 Proctor A S tiot xzix. 233 
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tion) They hare ercn been seen broken np and diatnbnted 
over the ^rhole face of the planet; bat thb phenomenon is 
extremely rare Branches rnoning out from them, and sub* 
divisions, as represented in the figure, as well os evident 
darker spots, are by no means nneommon But the most 
singular phenomenon presented by the belts of Jupiter is 
the occasional appearance upon them of perfectly round, 
well defined, bright spoto, npt unlike the disks of the satel* 
lites (see art. 540), as they are occasionally seen projected 
on the planet when paosing between it and the Earth, only 
smaller. They vary in situation and number, as many os 
ten having, on one occasion (Oct 28, 1857), been seen at 
once, but, bo faros hitherto observed, only on the southern 
hemisphere of Jupiter They were first noticed by 3fr. 
Dawes in the spnog of 1849, but first described ami figured 
by Mr. Lassell, March 27, 1850 They have been more re* 
ccntly ogam and more distinctly and consecutively observed 
by the fonner of these observers, who has given figures of 
them in Asl Soc Kot xviii pp 8, 40 

(512 a ) From the appearances and configurations of the 
belts, attentively watched, it is couclnded tiiat this planet 
revolves in the surpnsingly short period of 9' 65“ 21' 3 
(Airy), on an axis perpendicular to the direction of the 
belts Now, It IS very remarkable, and forms a most satis 
factory comment on the reasoning by which the spheroidal 
figare of the Earth has been deduced from its diurnal rota 
tioD, that the outline of Jupiter’s disk is evidently not cir- 
cular, but elliptic, Jjeing considerably flattened in the direo 
tion of its axis of rotation Tbis appearance is no optical 
illusion, but 18 authenticated by micrometrical measures, 
which assign IiJd to 100 /or the proporfron of the equafonaf 
and polar diameters And to confirm, in the strongest man 
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ner, the truth of those prmctpfes on which our former con 
elusions have been founded, and fully to authorize their ex 
tension to this remote syatem, it appears, on calculation, 
that this IS really the degree of oblateness which corre 
sponda, on those principles, to the dimensions of Jupiter, 
and to the time of his rotation 

(613 ) The parallelism of the belts to the equator of 
Jupiter, their occasional variations, and these appearances 
of spots seen upon them, render it extremely probable that 
they subsist in the atmosphere of the planet, forming tracts 
of comparatively clear sky, determined by currents analo 
gouB to our trade winds, but of a much more steady and 
decided character, as might indeed be expected from the 
immense velocity of its rotation That it is the eompara 
tively darker body of the planet which appears in the belts 
IS evident from this— that they do not come up in all tbcir 
strength to the edge of the disk, but fade away gradually 
before they reach it The round bright spots described 
above may therefore not impossibly be insulated masses 
of cloud, of local origin, analogous to the cnmuli which 
sometimes cop ascending columns of vapor m our atmo* 
sphere The apparent diameter of Jupiter vanes from SO* 
to 46’ " 

(514 ) A still more wonderful, nnd, as it may bo termed, 
elaborately artificial mecbanism, is dispJnved in Saturn, tho 
next iQ order of remoteness to Jupiter, to which it la not 
much inferior in magnitude, being about 70,000 miles in 
diameter, nearly 1000 times exceeding llie earth in bulk, and 
snbtending an apparent angular diameter at the earth, of 


“ Ftof P Smylh »nd Mr Po (« R >• lift»e r Wished fine repreeenOiUuru of 
Juriicr l! « former** »e«o Itom lfc«IViilr«f Tnionlfe(»lt. JO IDO ft). iTe Uiier 
I > 111* ob*erT*torjr *1 Cmiforil 
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about 18* at its mean distance This slnpendoas globe, 
besides being attended by no less than eight entellites, or 
moons, 13 surrounded \nth three broa^, flat, and estremely 
thin rings, concentric with the planet and with each other, 
the inner being \ery famt and aemi transparent, all lying in 
one plane, and separated by a \cry narrow mtertal from 
each other thronghont their whole circumference, as they 
are from the planet by a much wider The dimensions of 
this extraordinary appendage are as follows — ** 


Fxtenor diAmct«r of «it«nor bright nog 
Inunor d tto 

Extonor d uneter of (nicnor bright riog 
loMrior d tio 

EquHtonx) dhm«Ur of th« bod/ 

lQi«rvx) between the pUoet eod latonor bngbt rieg 

iDierrel of the nogt 

TbicVoeei of tbo nag not exceed sg 


»Uee 

40 095->17G 418 
3& 289 — 1S5 2T2 
34 476— Ibl 690 
26 668 — 117 339 
17 091— 79 160 
4 339— 19 090 
0 408— 1 701 

— 250 


The figure (Plate III yfy 3 ) represents Saturn surrounded 
by Its rings, and haring its body striped with dark belts, 
somewhat similar, but broader and less strongly marked than 
those of Jupiter, and owing, doubtless, to a similar cause " 
Whatever be the materials of which the ring consists (and 
there are strong reasons, art 522, for believing it not to 
consist of solid matter), it is at least substantial enough to 
cast a shadow, which, when the Earth is properly situated, 
may be seen on the body of the planet on the eide next the 
Sun as also to receive one when thrown on it by the body 


These dimeaslons are celculaled from Prof Struve e m cromeCnc mete 
urea Mem. Aet Soc i > SOI w tb tl e excep loa of ll e IhlckoeaB of the r Dg 
•wWch la concluded fro n It* total diaappearaoee In 1833 in a teleaoopo wbiSi 
would ceria niy ! ave eliown aa a v a ble object, a I ne of I gl t ooe twent etb 
of a second In bread h The loterval of the r oga here atated is poasibl^ tome 
wbaC too smalL 

■>' ’rae equartmki’ dngih* i5«iV lb generally weiV teen -Ilie a 6a’ on of the 
dark one by two narrow bright baoda la aeldom ao disunct aa represented in 
the plate 
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on the opposite aide. The form of this latter shadow, mi* 
nutely scrutinized with powerful telescopes, has led some 
observers to conclude that the edge of the outer ring is in 
some degree rounded, and that the two rings do not He pre- 
cisely in one plane.’* From the parallelism of the belts 
with the plane of the ring, it may be conjectured that the 
asis of rotation of the planet is perpendicular to that plane; 
_and this conjecture is confirmed by the occasional appear- 
ance of extensive dusky spots on its surface, which, when 
watched, like the spots on Mais or Jupiter, indicate a rota- 
tion in 10'* Ifi" 0‘*44 (according to the observations of Sir 
Wm. Herschei) about an axis so situated. 

(515.) The axis of rotation, like that of the earth, pre- 
serves its parallelism to itself during the motion of the 
planet in its orbit; and the same is also the case with 
the ring, whose plane is constantly inclined at the same, 
or very nearly the same, angle to that of the orbit, and, 
therefore, to the ecliptic, viz. 28® 11'; and intersects the 
latter plane in a line, which makes at present" an angle 
with the line of equinoxes of 167® SI'. So that Che nodes of 
the ring lie in 167® 31' and 347® 31' of longitude. Whenever, 
then, the planet happens to be eltuated in one or other of 
these longitudes, as at C, the plane of the ring passes 
through the sun, which then illuminates only the edge of 
it. And If the earth at that moment be in F, it will see 
the ring edgewise, the planet being in opposition, and 
therefore most favorably situated (eerfens paribus) for ob- 


The ciccssiTo Ihinnces ot the liaga k»d8 us to demur lo Uio tonaef of 
Uiese conchislons or a resuit of etserro/xm, UnnidU fultf edmuaog ll sa ihoo- 
reilcalj^ probable. 

u Aca>Tdlng to Scssel. tlie loDgiUide of tho uode o! Uio riag toensascs by 
46’’‘462 per annum. In 1800 it was ICO* 03* 8" 9. 
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Borvation. Under these circnmstances the ring, if seen at 
all, can only appear as a very narrow straight lino of light 
projecting on either aide of the body as a prolongation of 
its diameter. In fact, it is quite invisible in any but tel- 
escopes of extraordinary power.*' This remarkable phe- 
nomenon takes place at intervals of fifteen years nearly 
(being a semi-penod of Saturn in its orbit). One disap- 
pearance at least must take place whenever Saturn passes, 
either node of its orbit; bnl three roust frequently happen, 
and two are possible. To show this, suppose S to bo the 



sun, A B C D part of Saturn's orbit situated so as to in- 
clude the node of the ring (at C), E F O n the Earth’s 
orbit; S 0 the line of the node, E B, G D parallel to S C 
touching the Earth’s orbit in E G, and let the direction 
of motion of both bodies be that indicated by the arrow. 
Then since the nog preserves its parallelism, its plane can 
nowhere intersect the Earth’s orbit, and therefore no disap- 
pearance can take place, unless the planet be between B and 


i> Ila diuppcarance 17118 eompblc wh«a obRerred with a reflector eighieea 
Inches to aperture and iwentj feet in focal length on the 29lh of April, 1833, 
bx the author. 
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P and, on tlie other hand^ a disappcar'^nce is possible (if 
the Earth be rightlj situated) during the irhole time of the 
description of the arc B D Now, since S B or S D, the 
distance of Saturn from the Sun, is to S E or S G, that of 
the Earth, as 9 54 to 1, the angle 0 S P or C S B = 6® 1', 
and the whole angle B S P = 12* 2', which is described by 
Saturn (on an average) in 869 46 days, wanting only 5 8 days 
of a complete year The Earth then describes very nearly 
an entire revolution within the limits of time when a disap 
pearance is possible, and since, in either half of its orbit 
E F G or G H E, it may equally encounter the plane of the 
ring, one such encounter at least is unavoidable within 
the time specified 

(516 ) Let G a he the arc of the Earth’s orbit described 
from 0 in 5 8 days Then if, at the moment of Saturn’s 
arrival at B, the Earth be at a, it will encoanter the plane 
of the ring advanctog parallel to itself and to B E to meet 
It, somewhere in the quadrant H E, as at M, after which it 
Will be behind that plane (with reference to the direction 
of Saturn’s motion) through all the arc M E F G op to G, 
where it will again overtake it at the very moment of the 
planet quitting the arc B D In this state of things there 
will be two di^ippearanccs. It, when Saturn is at B, the 
Earth be anywhere in the are <i H E, it is equally endent 
that It will m*ei and pass through the advancing piano of 
the ring eomewhere in the quadrant H E, that it will again 
overtake and pass through it somewhere in the semicircle 
E r G, and again meet it in some point of the quadrant 
G n, so that three di«appcaradcea will take place So, also, 
if the Earth be at E when Saturn is at B, the motion of the 
Earth being at that instant directly toward B, the plane of 
the ring will for a short time leave it behind, bat the ground 



OUTLINES OF ASTROIx’OitT 


483 


so lost being rapidlj regamedi &a the E-irth’s raotioa becomes 
obliqae to the line of junction, it will soon overtake and 
pass through tho plane in the early part of the quadrant 
E F, and passing on through G before Saturn arrives at D, 
will meet the plane again in the quadrant G H The same 
will continue up to a certain point at which, if the Earth 
be initially situated, there will be but two disappearances— 
the plane of the nng there overtaking the Earth for an in 
stant, and being immediately again left behind by it, to be 
again enconntered by it in G H Finally, jf the initial place 
of the Earth (when Saturn is at B) bo in the arc bF a, there 
will be but one passage throngh the plane of the nng, viz. 
in the semicircle G H E, the Earth being in advance of that 
plane throughout the whole of i G 

(617 ) The appearances will moreover be varied according 
as the Earth passes from the enlightened to the unenlight 
ened side of the ring, or vtce versd If C be the ascending 
node of the nng, and if the under eide of the paper be sup 
posed south and the upper north of the ecliptic, then, when 
the Earth meets the plane of the ring in the quadrant H E, 
it passes from the bright to the dark side where it overtakes 
it in the quadrant E F, the contrary V%ce versd, when it 
overtakes it in F G, the transition is from the bnght to the 
dark side, and the contrary where it meets it in G H On 
the other hand when the Earth is overtaken by the nng 
plane in the interval E b, the change la from the bngbt to 
the dark side "When the dark side is exposed to sight the 
aspect of the planet is very singular It appears as a bnght 
round disk, with its belts, etc , but crossed equatonally by 
a narrow and perfectly black hue This can never of course 
happen when the planet is more than 6® 1 from the node of 
the nng Generally, the northeni side is enlightened and 
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visible wiien tlie heliocentric longitude of Saturn is between 
lYS® 32' and 341” SO', and the Bofithern when between 353® 
32' and 161® SO'. The greatest opening of the ring occurs 
when the planet is situated at 90® distance from the node 
of the nng, or in longitudes 77® 31' and 257® 31', and at 
these points the longer diameter of its apparent ellipse is 
almost exactl_y double the shorter. 

(518 ) It will naturally be asked how so stupendous an 
arch, if composed of solid and ponderous materials, can be 
sustained without collapsingand failing in upon the planet? 
The answer to this is to be found in a swift rotation of the 
nng in its own plane, which observation has detected, owing 
to some portion of the ring being a httle less bright than 
others, and assigned its period at 10* 32* 16', which, '/rom 
what we know of its dimensions, and of the force of gravity 
in the Saturnian system, is very nearly the periodic time of 
a satellite revolving at the same distance as the middle of its 
breadth. It is the centrifugal force, then, arising from this 
rotation, which sustains it; and although no observations 
nice enough to eshihit a diiferoDce of periods between the 
outer and inner rings have hitherto been made, it is more 
than probable that such a difference does subsist as to place 
each independently of the other in o eimilar state of eqailib. 
rium. Still, it might bo urged, such is the thinness of the 
rings that it may very well be doubted, whether the strain 
brought upon cither of them by the difference of its interior 
and exterior centrifugal forces, if eohd, would not suflico to 
tear it in pieces, A fluid conatitutiou would obviate this 
difficulty; and indeed it is very possible that the rings 'piay 
be ga.seous, or rather such a mixture of gas and vapor as 
consists with onr idea ol a cloud. 

(619.) Although the nogs are, as we have said, very 
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neorlj concentnc with the body o{ Saturn, yet micromet- 
ncal measurcmcnte of cxtromo delicacy'* have demonstrated 
that the coincidouco is not mathematically exact, but that 
the centre of gravity of the nnejs oscillates round that of 
the body, describing a very minute orbit, probably under 
laws of much complexity Tnfling os this remark may 
appear, it is of the utmost importance to the stability of 
the system of the rings, if solid and coherent Supposing 
them mathematically perfect in thoir circular form, nod 
exactly concentric with the planet, it is demonstrable that 
they would form n system in a state of unilahle egutltlnum, 
which the slightest external power would subvert— not by 
causing a rupture in the sabstanco of tbc rings — but by pre 
cipitatiDg them unlrcKen on tbo surface of the planet For 
the attraction of such a nog or rings on a point or sphere 
cxeentncally within them is not the same in all directions, 
but tends to draw the point or sphere toward the nearest 
part of the ring, or away from the centre Ilonce, sap 
posing the body to become from any cause, ever so little 
excentnc to the nog the tendency of their mutual gravity 
18 not to correct but to increase this excentncity, ond to 
bring the nearest parts of them together Now, external 
powers, capable of prodnemg such excentncity, exist in the 
attractions of the satellites as wiU be shown m Chapter 
XII , and in order that the system may be stable and 
possess within itself a power of resisting the first inroads 
of such a tendency, while yet nascent and feeble and op 
posing them by an opposite or maintaining power, it has 
heen shown that it is sufficient to admit the rings if solid, 


■* 67 Elnire confirming n •osteon tuggested by the eye obserratlons of 
if. Schwebe 
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to be loaded ia some part of their circumterence, either by 
some minute inequality of thickness, or by some portions 
being den'^er than others. Sach a load would give to the 
whole ring to which it w^a attached somewhat of the char- 
acter of a heavy and sluggish satellite msjDtainJng itself in 
an orbit with a certain energy sufficient to overcome minute 
causes of disturbance, and establish an average bearing on 
its centre. But even withont supposing the existence of any 
such load — of which, after all, we have no proof — and grant- 
ing, in its full extent, the general instability of the equilib- 
nnm, we think we perceive, in the rapid periodicity of all 
the causes of disturbance, a sulRcient guarantee of its preser- 
vation. However homely be the Illustration, we can con- 
ceive nothing more apt, in every way, to give a general 
Conception of this maintenance of equilibrium under a con- 
stant tendency to subversion, than the mode in which a 
practiced hand will sustain a long pole in a perpendicular 
position resting on the finger, by a cootmual and almost 
imperceptible variation of the point of support Be that, 
however, as it may, the observed oscillation of the centres 
of the rings about that of the planet is in itself the evidence 
of a perpetual contest between conservative and destructive 
powers — both extremely feeble, but so antagonizing one 
another as to prevent the latter from ever acquiring an 
Uncontrollable ascendency, and rushing to a catastrophe. 

(520 ) This is also the place to observe, that as the 
smallest difference of velocity between the body and the 
nogs must infallibly precipitate the latter on the former, 
never more to separate (for they would, once in contact, 
have attained a position of tiahle ^uiUbnum, and be held 
together ever after by an immense force); it follows, cither 
that their motions in their common orbit round the sun most 
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hftve been adjusted to each other bj an external power, with 
the minutest precision, or that the nags must have been 
formed about the planet while subject to tbcir common orbi« 
tal motion, and under the full and free inSuence of all the 
acting forces 

(o21 ) [The exterior nng of Saturn is desenbed by many 
‘observers as rather less luminous than tho intenor, and the 
inner portion of this latter than its outer On the night of 
Noiember 11, 18d0, however, Mr G B Bond, of the Har 
yard Obsenatorj (Cambridge, 0 S ), using the great Fraun 
bofer equatorial of that loatitation, became aware of a line 
of demarcation between these two portions so definite, and 
an extension inward of the duskj border to such an extent 
(one fifth, iy measuremenit of the joint breadth of the two 
old rings), as to justify him in considering it as a newly dis 
covered nog On the nights of the 25tb and 29th of the 
same month, and without knowledge of Mr Bond’s obser 
rations, Mr Dawes at his observatory at "Waleringbury, by 
the aid of an ezqmeite achromatic by Merz, of 61 inches 
aperture, observed the very same fact, and even more dis 
tincUy, so as to be sure of a decidedly darker interval be 
tween the old and new nogs, and even to subdivide the 
latter into two of unequal degrees of obscurity, separated 
by a line more obscure than either 

(622 ) Dr Galle of Berlin, however, would appear to 
have been the first to notice (June 10, 1888) a faint exten 
Sion of the inner ring toward the body of the planet, to 
about half the interval between the then recognized inner 
Ting and the body, cj sAown hy rmcromeirical measures Bat 
this result remained unpublished (or at least not generally 
known) until after the observations of Messrs Bond and 
Dawes The most remarkable feature of this singular dis 
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corcry is, that subsequent observntions, from many qoar* 
tew, Imvo concurred in slioiring the now’ ring to consist of 
<eT7i» transparent matertaU tJtrough tohseh the Utnb of the planet 
may he seen up to tie edge tf tie tnlenor Inj^l ring Dark 
lines (apparently of a transitory nature) have been observed 
on the bright nngs parallel to tho permanent dark internal 
dividing them All these indications taken in conjunction 
vriih what is Slid in art f>ld decidedly point to a vaporous 
constitution of these wonderful appendages **J 

(522 a ) Still It lins been thought remarkable that this 
new ring or appendage to tho rings, should not have been 
discovered earlier, and it has ticn been conjectured that 
tbo breadth of the ring has been gradually increasing inward 
since tho time of Huyghens, its first discoverer and this 
conjecture for a while appeared to bo supported by mioro* 
metrical measures obtained by M Otto Siru\c (with whom 
the conjecture origioatcd) which seemed to show a still fur 
ther diminution of the interial betirees the riugs and the 
ball The question, however, appears to be definitively 
settled 1 C the negative by the elaborate micrometrical meas 
urea of Mr Main, at the Bojal Observatory at Greeawicb,*' 
and by the discussions entered into by Kaiser ** 

(522 b ) The rings of Satnrn meat present a magnificctit 
r^ectacle from those regions of the planet which he above 
their enlightened sides being seen as vast lutninons arches 
spanning the sky from horizon to horizon, and holding an 


"* The psaBftge of Saturn ecroM snj cons derable stsr would sfford sn sdmir 
able opportuo tj of tegUOf^ the ex scence of fissures in the nags as it would 
flssh m B cceasion through them The opportuo tf of watchiog for each oc- 
culbic OD»— whea Ssturs tnirer.9es tho VUrrtVaj tor iastance— ehould sot 
be negleotad 

• Hem Ast Soo. nr 
" Ast Soc Notice *ti 66. 
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almost invariable sitnation among tbo stars To a spectator 
sitoated anjwhero in the axis of the pHnet, it ta eiident 
that their latcnor and exterior ontlmcs mast both appear as 
circles corresponding to paralleU of dechoatioo, and must 
occasion a permanent eclipse of eiery beaienly body lying 
between these parallels It is otherwise to a spectator situ 
ated on the planet s surface To such a one the interior and 
exterior outline of each nog would, by the effect of per 
spective, be thrown into nonconcentric ellipses so that (sup 
posing be could see Ihrongh the whole planet and obtain a 
tiew of the whole nng) it would appear broader on the side 



nearest to him than on that most remote These ellipses, 
moreover, when traced along the heavens would not com 
cide with parallels of decimation,” but would deviate from 
such parallels toward the elevated pole as la evident if we 
consider that a perpendicular S T from any point S on the 
planet s surface to the plane of the nng A B is parallel to 
the axis of rotation eo that the right cone A S D generated 
by the revolution of A S round S T traces on the heavens 
a circle of declination, having the edge A of the ring for its 
upper calmioatmg point whereas the oblique cone A S B, 
tracing the visible course of the nng in the heavens though 


•> The c rcumstancea bare boea tnc«d Iq di dqM deU I br Dr Lardaer who 
first, I eye dttrw Bltenboa to Uie tfflect ol » vu»Uon oa the eurface of the 
planet in modif/ ng ihe phenomene proeeDted by the noe* 
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coiocidcnt with tho former at its opper culmination A, lies 
olsewhcro whollj exterior toil, and hns jts inferiorculmiBa- 
tion B nearer to tho elevated polo by tho angle BSD, tho 
diflcroDce of tho angles of tho two cones. The apparent 
course of either edge of tho ring, then, is a curve touching 
tho circle of declination at which that edge culminates, but 
receding from it toward the clernted polo, so os to allow 
stars or tho Sun to be vislblo at certain seasons under the 
ring at tboir rising— to bo eclipsed wholly or partially by it 
at its nndor edge, and again to emerge before setting. This 
will not prevent, however, some considomblo regions of Sat- 
urn from Buffering very long total interception of the solar 
beams, affording, to oar ideas, but no inhospitable asylum 
to animated beings, ill compensated by the feeble light of 
the satellites. But we shall do wrong to judge of the fitness 
or unfitness of their condition from wbst we see around us, 
when perhaps tho very combinations which convey to oor 
minds only images of horror, may be, in reality, theatres of 
the most striking and glorious displays of beneficent con- 
trivance. 

(528.) Of Uranus wo see nothing but a small round uni- 
formly illuminated disk, without rings, belts, or discernible 
spots. Its apparent diameter is about 4', from which it 
never varies much, owing to the smallness of our orbit in 
comparison of its own. Its real diameter is about 85,000 
miles, and its bulk 82 times that of the earth. It is attended 
by four satellites, whose existence may be considered as 
conclusively established (and more have been suspected). 

(o24 ) The discovery of Neptune is so recent, and its 
situation in the ecliptic at present so little favorable for see- 
ing it with perfect distinctness, that nothing very positive 
can be stated as to its physical appearance. It was at first 
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Buspected to lia\o a ring, bat t!ie snsptcton has not been 
veriQed. It ia attended by at least one sstcUite, the exist* 
ence ot which has been demonstrated by the observations of 
Mr. Lasscll, M Otto Strove, and Mr, Bond. 

(o25 ) If the immense distance of Xeptune prcclndes all 
hope of coming at much knowledge of its physical state, the 
minuteness of the Asteroids la no less a bar to any inquiry 
into theirs. One of them, Pallas, has been said to Lavo 
somewhat of a nebulous or hazy appearance, indicative of 
an extensive and vaporous atmosphere, httlo repressed and 
condensed by the inadequate gravity of so small a mass. It 
IS probable, however, that the appearance in question has 
originated in some imperfection lo the telescope employed, 
or other temporary causes of illosron In Testa and Pallas 
only have sensible disks been hitherto observed, and those 
only with very high magnifying powers Vesta was once 
seen by Schroter with the naked eye No doubt the most 
rematkabte of their peculiarities must lie in this condition 
of their state A man placed oo one of them would spring 
with ease 60 feet high, and sustain no greater shock in bis 
descent than he does on the earth from leaping a yard On 
such planets giants might exist, and those enormous am 
mals, which on earth require the buoyant power of water to 
counteract their weight, might there be denizens of the land. 
From some recent researches of M Leverrier, it appears that 
we shall be warranted m attributing to the lolalily of the 
Asteroids a quantity of matter quite insignificant 

(625 a ) There is a remarkable division of the planetary 
system into two families or dosses of planets, the large, and 
the smaiY Tb mVinran'to iJie 

orbits of Jupiter, viz Mercury, Venus, the Earth, and Mars, 
with the Asteroids To the former, all exterior to the orbits 
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of the first class — Jupiter, Saturu, Uranus, and Neptune. 
The Asteroids themselves, however, may be considered as 
forming a family apart, their magnitudes being as much in 
ferior to those of the interior planets as these are to the ex* 
tenor, or in a still lower ratio Not less remsrlcable is the 
circumstance that while all the interior planets revolve on 
their axes (so far as la known) m abont the same time (24^), 
the exterior (as is certain in the case of Jnpiter and Saturn 
at least) liave periods of rotation leas than half that length. 
In point of density, too, as we shall see further on, an 
equally marked diatinction of specific character is preserved, 
all the interior ones having about the same density as the 
£!artb, while that of all the oxtenor is very much Jess, not 
exceeding a quarter of the Karth’s, and agreeing (m the 
cases of Jupiter and Uranus) very closely with that of the 
Sun 

(626 ) We shall close this chapter with on lUostration 
calculated to convey to the minds of our readers a general 
impression of the relative magnitudes and distances of the 
parts of our system Choose any well levelled field or bowl 
log green On it place a globe, two feet in diameter, this 
will represent the Sun, Mercury wiU be represented by a 
gram of mnstard seed, on the circomfereDce of a circle J64 
feet in diameter for its orbit, Venus a pea, on a circle of 
2S4 feet in diameter, the Barth also a pea, on a circle 
of 4S0 feet, Mars a rather large pin’s head, on a circle of 
654 feet, the Asteroids, grams of sand, m orbits of from 
1000 to 1200 feet, Jupiter a moderate sized orange, lu a cu: 
cle nearly half a mile across, Saturn a small orange, on a 
circle of four fifths of a mile, Uranus a full sized cheriy, or 
small plum, upon the circumference of a circle more than a 
mile and a half, and Keptose a good sized plum, on a circle 
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aboot two miles and a half in diameter. Afl to gcttiog cor- 
rect notions on this cahject by drawing circles on paper, or, 
Btill worse, from those very childish toys called orreries, it 
is out of the qaeation. To imitate the motions of the plan- 
ets, in the above-mentioned orbits, ifcrcurj' must desenho 
its own diameter in 41 seconds; Venus, in 4“ 14*; the Earth, 
in 7 minntes; Mara, in 4“ 48*; Jupiter, 2^ CC*; Saturn, in 
IS*; Uranus, iij 2' 16*; and Neptune, in S* SO*.’* 


•* lo tlie “Penny Tneyeloj».T<lia.*’ »ol 21 p 107. the diaraeter* of the orblw 
of the pKticU here eei doira, ere <)uoted •• their dulanttf from ihe centre, and 
the size of the tun h eoUrg^ to lour feet, while the elzee of the pUncU are 
ttfi&ltercd. 
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CHAPTER X 

OF THE SATELLITES 

01 the Koob as a Satsllite of the Earth — Geoenil ProsCtoftf of SafoUftca 
to (hotr Primaries sod Cbosoqiioiit SubordioaCion of their ifoCfoos— 
liases of tbo FrimarJfs Cooeluded from the Periods of ibev SaleJIjtes 
— llatotenanee of Kepler's Xaws In the Secondary B/Btems— Of Jupl 
ter’s Satell tea— Their Ecllpsce etc — VelMity of light Diacoeered 
by their Mesne— Silclhwa of Saturn— Of Drsnus— Of Neptune 

(527 ) In tbe annual cirooit of the earth about the sun, 
It 18 constantly attended by its satellite, the moon, which 
revolves round it, or rather both round their common centre 
of gravity, while this centre, strictly speaking, and not 
either of tbe two bodies thus connected, moves, in an elhp 
tic orbit, undisturbed by their mutual action, just as the 
centre of gravity of a large and small stone tied together 
and flung into the air describes a parabola as if it were a 
real material substance under the earth’s attraction, while 
the stones circulate round it or round each other, as we 
choose to conceive tbe matter 

(528 ) If we trace, therefore, the rcol curve actually de 
scribed by either the moon s or the earth s centres, in virtue 
of this compound motion, it will appear to be, not an exact 
ellipse, but an undulated curve, like that represented in the 
figure to artiole S24, only that the number of undulations 
in a whole revolution is bat 13, and their actual deviation 
from the general ellipse, which serves them as a central line, 
is comparatively very much smaller — so much so, indeed, 
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that every part of the curve d^cnbed by either the earth 
or moou is concave toward the sun The excursions of the 
earth on either side the ellipse, indeed, are so very small 
as to be hardly appreciable In fact, the centre of gravity 
of the earth and moon lies always wtlhin the surface 
of the earth, so that the monthly orbit described by the 
Earth’s centre about the common centre of gravity is com- 
prehended within a space less than the size of the earth 
itself The effect w, nevertheless, sensible, m producing 
an apparent monthly displacement of the sun in longitude, 
of a parallactic kind, which is called the menstrual equation, 
whose greatest amount is however, less than the sun’s 
horizontal parallax, or than 8 6' 

(529 ) The moon, as we have seen, is sbont 60 radii of 
the earth distant from the centre of the latter Its prox 
imity, therefore, to its centre of attraction, thus estimated, 
13 much greater than that of the planets to the sun, of which 
Mercury, the nearest, is 84, and Uranus 2026 solar radu 
from its centre It is owing to this proximity that the moon 
remains attached to the earth as a satellite Were it much 
further, the feebleness o! its gravity toward the earth would 
be inadequate to produce that alternate acceleration and 
retardation in its motion about the sun, which divests 
it of the character of an independent planet, and keeps 
its movements subordinate to those of the earth The one 
would outrun, or be left behind the other, m their revolu 
tions round the sun (by reason of Kepler’s third law), 
according to the relative dimensions of their heliocentric 
orbits, after which the whole influence of the earth would 
be confined to producing some considerable periodical dis 
turbance in the moon’s motion, as it passed or was passed 
by it in each synodical revolntion 
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{6S0 ) At iho diatnnco at which tho moon reallj la from 
us, Its gravity toward the earth is actually less than toward 
the Bun Tint this is tho case appears sufDciently from 
what we havo already slated, that the moon s real path, 
oven when between tho earth and sun, is eoncaic toward 
the latter But it will appear still more clearly if, from 
tho known periodic times' in which the earth completes 
its annual and tho moon its monthly orbit, and from the 
dimensions of those orbits, we calculate the amount of do 
flection in either, from their tangents, m equal very minute 
portions of time, ns one second These are the versed smes 
of the arcs described in that time m the two orbits, and 
these are the measures of the acting forces which pro 
dace those deflections If we execute the numerical cal 
culation lu the case before us, we shall find 2 283 1 
for the proportion in which the intensity of the force 
which retains the earth in its orbit round the sun actu 
ally exceeds that by which the moon is retained in 
orbit about the earth 

(5S1 ) Natr tbe saa is about 400 times more remote Irom 
the earth than the moon is And as gravity increases as 
the squares of the distances decrease it must follow that 
at equal distances, the lUleosity of solar would exceed that 
of terrestrial gravity in the above proportion augmented 
in the further ratio of the square of 400 to 1, that is, in the 


> B and r T»d Of two ocb is (supposed circular) P and p the per od c times 

then the arcs in question (A and o) are to each other as ^ to and a oce the 

yersed s nea are as the squares of the am d recti/ and the radu isversel/ these 

are to each other as ^ to A and in thla rat o are the forces aetloK on the 
F* p' 

revolYiBg bod es In either case 
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proportion of 855,000 to 1 ; and tbereforo, if wo grant that 
the intensity of the gravitating energy is commenBorato with 
the mass or inertia of the attracting body, we arc compelled 
to admit the mass of the earth to be no more than rrinv of 
that of the sun * 

(532 ) The argnment is, in fact, nothing more than a ro 
capitalation of what has been addneed in Chap VIII (art. 
448) Bat It 13 here ro introduced, in order to show how the 
mass of a planet which is attended by one or more satellites 
can be as it were weighed against the sun, provided wc have 
learned, from observation, the dimensions of the orbits de- 
scribed by the planet about the son, and by the satellites 
about the planet and also the ponods la which these orbits 
arc res{)cctively described It is by this method that the 
masses of Jupiter, Satarn, Uranus, and Keptune have been 
ascertained, and from which tbeir densities are concluded 
(See art CCl ) 

(533 ) Jupiter, as already stated, is attended by four 
satellites, Saturn by eight, Uranus certainly by four, and 
Keptunc by one, or possibly more These, with their ro 
spective primaries (as the central planets are colled) form 
in each ca'ie miniature systems entirely analogous in the 
general laws by which their motions are governed, to the 
great system in which the sun acts the part of the primary, 
and the planets of its satellites In each of these systems 
the laws of Kepler are obeyed, in the sense, that is to say, 
in which they are obeyed in the planetary system — approau 
wialely, and without prejudice to the effects of mutual per- 


* In tho BTDoptIc ubie at ihn end of tbls Toluiae the mass of the Bun Is 
Bomewhat bibber secord off to tho moBt recent detenoinBCion It hu 
not been thooght vonb while to aiter ell tho Sgures ol the test is conlormitj 
with thsl e»t male 
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turbation, of extraneoaa mtcrfereace, if any, and of that 
Bmall but not imperceptible correction which arises from 
the elliptic form of the central body Their orbits are 
circles or ellipses of very moderate excentricity, the pri 
mary occupying one focus About this they describe areas 
very nearly proportional to tho tunes, and the squares of 
the periodical tunes of all the satellites belonging to each 
phnet are in proportion to each other as the cubes of their 
distances The tables at the end of the volume exhibit a 
synoptic view of the distances and periods m these several 
systems so far as they are at present known, and to all of 
them It will be observed that the same remark respect 
mg their proximity to their primaries holds good, as m 
the case of the moon, with a similar reason for such close 
connection 

(5S4 ) Of these systems, however, the only one which has 
been studied with atteotion to all its details, is that of Ju 
piter, partly on account of the conspicuous brilliancy of its 
four attendants, which are lai^e enough to offer iisible and 
measurable disks in telescopes of great power but more 
for the sake of tbeir eclipses, wbiob, as they happen very 
frequently, and are easily observed, afford signals of con 
Biderable use for the determiuation of terrestrial longi 
turles (art 286) This method, indeed, until thrown into 
the baokgroand by the greater facility and exactness now 
attainable by lunar observations (art 287) was the best, 
or rather the only one which could be relied on for great 
distances and long intervals 

(535 ) The satellites of Jupiter revolve from west to east 
(following the analogy of the planets and moon) in planes 
very nearly, although not exactly, coincident with that of 
the equator of the planet, or parallel to its belts This latter 
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plane is inclined 8® 6 80' to the orbit of the planet, and is 
therclore but little diSerent from the plane of the ecliptic 
Accordingly, we see their orbits projected very nearly into 
straight lines, m which they appear to oscillate to and fro, 
sometimes passing before Jupiter, and casting shadows on 
his disk (which are very visible in good telescopes, like 
small round ink spots, the circular form of which is very 
evident), and sometimes disappearing behind the body, 
or being eclipsed in its shadow at a distance from it It 
is by these eclipses that we are furnished with acenrate 
data for the coastraetton of tables of the satellites’ mo 
tiona, as well as with signals for determining differences 
of longitude 

(536 ) The eclipses of the satellites, in their general con 
ception, are perfectly analogoos to those of the moon, but 
in their detail they differ lo several particulars Owing to 
the much greater distance of Jupiter from the son and its 
greater magnitude, the cone of its shadow or umbra (art 
420) IS greatly more elongated and of far greater dimen 
sions, than that of the earth The satellites are, moreover, 
much less in proportion to their primary their orbits less 
iDclmed to tls ecliptic and (comparatively to the diame 
ter of the planet) of smaller dimeostons than is the case 
with the moon Owing to these causes the three interior 
satellites of Jupiter pass through the shadow, and are 
totally eclipsed, every revolution, ond the fourth though, 
from the greater inclination of its orbit, it sometimes 
escapes eclipse, and may occasionally graze as it were the 
border of the shadow, and suffer partial eclipse yet 
does so comparatively seldom and, ordinarily speaking, 
its eclipses happen, hke those of the rest, each revo- 
lution 
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(587) These eclipses, moreover, ore not seen, ns is the 
c'lse with those of the moon, from the centre of their mo 
tion, hut from a remote station, nnd one whoso situation 
with respect to the lino of stiadow is ^anahle This, of 
course, makes no difference m the Umta of the eclipses, but 
a % cry great one in their visilnlity, and m their apparent 
situations with respect to the planet at the moments of tbcif 
entenng and quitting the shadow 

(538 ) Suppose S to be the enn, E the earth in its orbit 
E r Q K, J Jupiter, nnd a 6 the orbit of one of its satellites 
The cone of tho shadow, then, will have its \ertex at X, a 
point far beyond the orbits of all tho satellites, and tho 
penumbn, owing to the great distance of the sun, and the 
consequent smallness of the angle (about 6 only) its disk 
subtends at Jupiter, will hardly oxtend, within the limits of 
the satellites orbits, to any perceptible distance beyond tbe 


shadow — for which reason it is not represented in the figure 
A satellite revolving from weat to east (in tbe direction of 
tbe arrows) will be eclipsed when it enters the shadow at a, 
but not suddenly, because like the moon, it has a consider 
able diameter seen from the planet, so that the time elaps 
ing from tbe first perceptible loss of light to its total eztinc 
tion will be that which it occupies in describing about 
Jupiter an angle equal to its appareat diameter as seen 
from the centre of the planet, or rather somewhat more, by 
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reason of the penumbra, and the same remark applies to its 
emergence at i Now, owing to the difference of telescopes 
and of eyes, it is not possible to assign the preciac moment 
of incipient obscuration, or of total extinction at a, nor that 
of the first glimpse of light falling on the satellite at or 
the complete recovery of its light The observation of an 
eclipse, then, in which only the immersion, or only the 
emersion, is seen is incomplete, and inadequate to afford 
any precise information, theoretical or practical Bnt if 
both the immersion and emerSion can be observed with the 
same telescope and by the same person the interval of the 
times will give the duration and their mean the exact 
middle of tho eclipse when the satellite is in the hne 
S J X, i e the true moment of its opposition to the sun 
Such observations, and such only are of use for de 
termiQiog the periods and other particulars of the mo 
tions of the satellites and for affording data of any 
material use for the calculation of terrestrial longitudes 
The intervals of the eclipses it will be observed, give 
the synodic periods of the satellites revolutions from 
which their sidereal periods must be conclud'‘d by the 
method in art 418 

(639 ) It 18 evident from a mere inspection of our figure, 
that the eclipses take place to the west of the planet when 
the earth is situated to the west of the hne S J t e before 
the opposition o! Jupiter and to the east when in the other 
half of its orbit or after the opposition When the earth 
approaches the opposition the visual line becomes more and 
more nearly coincident with the direction of the shadow, 
and the apparent place where the eclipses happen will be 
continually nearer and nearer to the body of the planet 
When the earth comes to F, a point determined by drawing 
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i F to touch the body of the planet, the emeratons will cease 
to be visible, and will thenceforth, up to the time of the 
opposition, happen behind the disk of the planet Simi' 
larly, from the opposition till the time when the earth 
arrives at I, a point determined by drawing a I tangent 
to the eastern limb of Jupiter, the immersions will be con 
cealed from our view "When the earth arrives at G (or H)* 
the immersion (or emersion) will happen at the very edge of 
the Msiblo disk, and when between G and II (a very small 
space), the satellites will pass unechpsed behind the limb of 
the planet 

(540 ) Both the satellites and their shadows are fre 
(luently observed to transit or pass across the disk of the 
planet When a eatelltte comes to m, its shadow will bo 
thrown on Jupiter, and will oppear to move across it as o 
black spot till the satellite comes to n Bat the satellite 
itself will not appear to enter on the disk till it comes up to 
the line drawn from E to the eastern edge of the disk, and 
will not leave it till it attains a similar line drawn to the 
western edge It appears then that the shadow will precede 
the satellite in its progress over the disk h^ore the opposi 
tion of Jupiter, and vice versd In these transits of the 
satellites, which, with very powerful telescopes, may be 
observed with great precision, it frequently happens that 
the satellite itself is discernible on the disk as a bright spot 
if projected on a dark belt, but occasionally also as a dark 
spot of smaller dimensions thin the shadow This ennoos 
fact (observed by Sohrbter and Harding) has led to a con 
elusion that certain of the satellites have occasionally on 
their own bodies, or in thoir ttnospherea, ohacate spots of 
great extent We say of great extent, for the satellites 
of Jupiter, small as they appear to us, are really bodies 
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of considerable size, as the following comparative table 
will show — * 



Mrao Apparent 
illAiDcter at 
seen from the 

Mean apparent 
diameter a-t aoen 
In> n Jupiter a 

Diameter In 

Uau. 

Jupiter 

30 9’ 



91123 

1 0000000 

I»c Bilelite 

1 lOo 

33 

11 

‘>503 

0 0000173 

•»d 

0 011 

17 

3S 

2003 

0 OCOO^IO 

3d 

1 483 

IS 

0 

331T 

0 OOOOSS5 

4tU- 

1 273 

S 

40 

2S90 

0 0000127 


From which it followa, that the first satellite appears, when 
on Jupiter s horizon, as large as our moon to us, the second 
and third nearly equal to each other, and of somewhat more 
than half the apparent diameter of the first, and the fourth 
about one quarter of that diameter So seen, they will fre 
quentlj, of course, eclipse one another, and cause eclipses 
of the sun (the latter visible, however onlj over a very 
small portion of the planet) and their motions and aspects 
•with respect to each other must offer a perpetual variety and 
singular and pleasing interest to the inhabitants of their 
primary 

(541 ) Besides the eclipses and the transits of the satel 
lites across the disk, they may also disappear to us when not 
eclipsed, bypassing behtnd the body of the planet Thus, 
•when the earth is at £, the imxneiaion of the satellite will be 
seen at a, and its emersion at 6, both to the west of the 
planet, after which the satellite, still continuing its course 
in. the direction b, will pass behind the body, and again 
emerge on the opposite side, after an interval of occnltation 
greater or less according to the distance of the satellite 
This interval (on accoant of the great distance of the earth 
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comp'VKxl with tlio radii ot tho orbits of Uio satellites) varies 
but little in tlio case of each satolUtc, being nearly equal to 
the time wMcli tlio satellite req«iren to d<'«crd»o an arc of its 
orbit, equal to tho angular diameter of Jtipiier ns seen from 
its centre, wliich time, for tho several satellites, is as fol* 
lows: \jz. /or thoflrsl, 2' 20*j /or the second, 2‘/>C*; lortbo 
thinl, 8' 'IS", and for the fourth, 4^ 56*j the corresponding* 
diameiert of tho planet aa seen from thc‘<e respective eatcl* 
lites being, 10* 40'; 12* 25'; 7“ 47'; and 4“ 25’,* Before tho 
opposition of Jupiter, these occuUations of tho satellites 
lifipi'cn njier tliu eclip«es: after the oppo-ition (when, for in* 
stance, the earth m in tho situation K), the occultations take 
jtlaco before tho eclipses. It Is to bo observed, that, owing 
to tho proxinuty of the orbita of the first and second satel* 
litcs to tho planet, loth tho immersion and emersion of either 
of them can never ho ob‘er%’e<l in any single eclipse, the im« 
mersion being conecnled by tho body, )/ the planet bo past 
its opposition, tho emersion tf not )ct arrived at it. So also 
of tho occultation. Tho commencement of tho occultation, 
or tho passage of tho satcllito behind the dink, takes placo 
%rhtla obscured by tho shadow, before opposition, and its 
re emergenco after. All these particulars will be easily ap- 
parent on mere inspection of the figure (art. D36) It is only 
during the short time that the earth is in the arc G H, t.e. 
between the suii and Jupiter, that tho cone of the shadow 
converging (while that of the visual rays diverges) behind 
tho planet, permits their occultations to be completely ob* 
served both at ingress and egress, unobscured, the eclipses 
being then invisible. 


* TLoso dAtasro taken eppnainuitel/ bom Hr WooUiouM'a jnperis tbe 
Bupploment to the Nautical Almanack for 183B. 
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(5i2 ) An estremclj emgalar relation subsists between 
the mean angular >elocitics or mean motions (as they are 
termed) of the three first antollitcs of Jupiter If the mean 
angular vcloc tj of the first satellite be added to twice that 
of the third, the sum will equal three times that of the sec 
ond From this relation it follows, that if from the mean 
'longitude of the first, added to twice that of the third, be 
suhilucted three times that of the second the remainder will 
always bo the same, or constant, and observation informs us 
that this constant is 160% or two right angles, so that the 
situations of any two of them being given that of the third 
maybe found It has been attempted to account for tins 
remarkable fact, on the theory of gravity by their mutual 
actiou, and Laplace bos demonstrated, that if this relation 
were at any one epoch approximately true the mutual at 
tractions of the satellites would, in process of time, render 
It exactly so One curious consequence is that these three 
aateliites canuot be all eclipsed at once for, in consequence 
of the last mentioned relation, when the second and third he 
in the same direction from the centre the drat moat he on 
tho opposite and therefore when at such a conjunction the 
first 13 eclipsed the other two must he between the sun and 
planet, throwing their shadows on the disk and vice versd 
(543) Although, however for the above mentioned rea 
son, the satellites cannot be all eclipsed at once yet it m-iy 
happen, and occasionally does so that all are either eclipsed, 
occulted or projected on the body in which case they are, 
generally speaking, equally invisible since it requires an 
excellent telescope to discern a satellite on the body, except 
in pectr^rar crnjcrarsftrrrtfw /oaOiaceir o/ oiwem 

tiou of Jupiter thns denuded of its usual attendance aud 
offering the appearance of a sohtary disk, though rare, have 
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beea more than once recorded The first occasion m which 
this was noticed was by Molyneus, on Norember 2 (old 
style), 1681 * A s-milar observation is recorded by Sir ‘W‘. 
Herschel as made by him on May 23 1802 The phenome 
non has also been observed by Mr Wallis, on Apnl 16, 1826 
(in which ease the deprivation continned two whole hours), ^ 
and lastly by Mr H Griesbach, on September 27, 1848 
(644 ) The discovery of Jupiter s satellites one of the 
first fruits of the invention of the telescope and of Galileo s 
early and happy idea of directing its new found powers to 
the examination of the heavens, forms one of the most 
memorable epochs in the history of astronomy The first 
astronomical solution of the great problem of the longitude 
— practically the most important for the interests of man* 
kind which has ever been brought under the dominion of 
Btnot sciontiflo pnnciples dates immediately from their dts 
covery The final and conclusive establishment of the 
Copernican system of astronomy may also be considered 
as referable to the discovery and study of this exquisite 
miniature system, in which the laws of the planetary mo> 
tions, os ascertained by Kepler, and especially that which 
connects their periods and distances were speedily traced, 
and found to be satislactonly maintained And (as if to 
accamulato histoncal interest on this loiut) it la to the oh 
serration of tbeir eclipses that wo owe the grand discovery 
of tbo SQCcossiic propagation of light and the detcnmnatioQ 
of tbo enormous velocitj of that wonderful element This 
we roast explain now at large 

(645 ) The earth s orbit being concentric with that of 
Jupiter and interior to it {eeo fy art CS6) their mutual 
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distance {g continually varying, tUo variation extending 
from tbo sum to the dijference of the radii of the two orbits, 
and the difference of the greater and least distances being 
equal to a diameter of tho earth’s orbit Now, it was ob 
served by Roemer (a Danish astronomer, m 1676), on com 
paring together observations of eclipses of the satcllitea 
during many successive years, that the eclipses at and 
about the opposition of Jupiter (or its nearest point to the 
earth) took place too soon — sooner, that is, than, by calcula 
tion from on average, he expected them, whereas those 
which happened when the earth was in the part of its orbit 
moat remote from Jupiter were always too late Connecting 
the observed error in their computed times with the vario 
tiOD of distance, be concluded, that, to make the calcnlation 
on an average period correspond with fact, an allowance in 
respect of time behooved to be made proportional to the 
excess or defect of Jupiter’s distance from the earth above 
or below its average amount and such that a difference of 
distance of one diameter of the earth s orbit should corre 
spond to 16" 2& 6 of time allowed Speculating on the 
probable physical cause, he was naturally led to think of 
a gradual matead of an instantaneous propagation of light 
This explained every particular of the observed phenom 
enoQ, but the velocity required (192 OOO miles per second) 
was so great as to startle many, and, at all events, to require 
confirmation This has been afforded since, and of tbe 
most unequivocal kind, by Bradley’s discovery of the aber 
ration of light (art 829) The velocity of light deduced 
from this last phenomenon differs by less than one eightieth 
of Its amount from that calculated from the eclipses, and 
even this difference will no donht be destroyed by nicer 
and more rigorously reduced observations The velocity 

AsTBOifOur— Vvl ixX— 20 
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has also been determined by M Fizeau (by direct expen- 
tnenta with a reflecting apparatns on a most ingenious pnn- 
ciple, suggested by Mr Wheatstone for measonng the 
Telocity of the eleotnc cutrenf) at 70^000 geographical 
leagnea, 25 to the d^ree = 294,600 statute miles per 
second 

(648 ) The orbits of Jupiter's satellites are but Lttle 
excentnc, those of the two interior, indeed, have no per 
ceptible excentrieity Their mutual action produces m 
them pertorbationa analogous to those of the planets about 
the sun, and which have been diligently investigated by 
Laplace and others By assiduous observation it has been 
ascertained that they are subject to marked fluctuations in 
respect of bnghtness, and that these fluctuations happen 
periodically, according to their position with respect to the 
sua From this it has been concluded, apparently with 
reason, that they turn on their axes, like our moon, in 
periods equal to their respective sidereal revolutions about 
their primary 

(547 ) The satellites of Saturn have been much less 
studied than those of Jupiter, being far more difficult to 
observe The most distant has its orbit matenally inclined 
(no less than 12® 14y to the plane of the nng, with which 
the orbits of all the rest nearly coincide Noe is this the 
only circumstance which separates it by a marked difference 
of character from the system of the seven inferior ones, and 
renders it in some sort an anomalous member of the Satur 
man system Its distance from the planet’s centre is no 
less thin 64 times the radios of the globe of Saturn, a dis 
tance from the primary to which our own moon (at 60 radii) 


^ lolaode Attrcm. Art. 3076 
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ofTers the only parallel Its variation of light also in diHor 
ent parts of its orbit is very much greater than in the case 
of any other secondary planet Dominic Cassini indeed (its 
first discoverer, A D 1671) found it to disappear for nearly 
half Its revolution vrhen to the east of Saturn, and though 
the more powerful telescopes now in use enable us to follow 
It round tbe whole of its circuit, its diminution of light is 
BO great in the eastern half of its orbit os to render it some 
what difficult to perceive From this circumstance (viz 
from the defalcation of light occurring constantly on the 
same side of Saturn aa seen from the earth, the visual ray 
from which is never very oblique to the direction in which 
tbe sun's light falls on it) it is presumed, with much cor 
tainty, that this satellite revolves on lU asts in the eznet 
time of rotation about tbe primary, as we know to be the 
case with the moon, and as there is considerable ground for 
believing to bo so with all secondaries 

(548 ) The next satellite in order, proceeding inward (as 
It used to be considered until tbe recent discovery of an in 
termediate one), was the first to bo detected ' It is by far 
the largest and most conspicuous of all, and is probably not 
much inferior to Mercury in size It is the only one of the 
number whose theory aod perturbations have been at all 
inquired into* further than to verify Kepler s law of the 
penodic times, which bolds good, mulalu mutandis, and 
under the requisite reservations, in this, as in tbe system 
of Jupiter The next three satellites, still proceeding in 
ward,” are very mmute, and require pretty powerful tel 
escopes to see them, while tbe two interior satellites, which 


* Tlujgl ena Uarcb *5 1695 

' B/ Beasel, Itoehr r>os 193 214 

I* Biacoter^ bj Oomi c Casa ai lu 1672 and 1634. 
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just skirt the edge of the ring,” can only be seen with 
telescopes of extraordinary power and perfection, and under 
the most favorable atmospheric circumstancea. At the 
epoch of their discover they were seen to thread, like 
beads, the almost infinitely thin fibre of light to which 
the ring, then seen edgewise, was reduced, and for a short 
time to advance off it at either end, speedily to return, and 
hastening to their habitual concealment behind or on the 
body. An eighth very famt satellite has been recently de- 
tected (between the two oQtormost of thee/d satellites) simul- 
taneously (within the same hour) by Mr. Dawes, Mr. Lassell, 
and Professor Bond,” the two former observing together in 
Mr. Lassell 'a obscn'atory at Starfield, the latter in that of 
Cambridge, O’ S. 

(649.) Owing to the obliquity of llio ring and of the orbits 
of the satellites to Saturn’s ecliptic, there arc no eclipses, 


>* Puraorcred b/ S<r WillUin tlencti*! In ItSO. 

" On tbo night of iho l9tb ot 8<-‘pt«mber, 1818 OonsMcnblo confuilon as«<l 
&lre.-ulr to prenil, before the di«coT«r]r of tbia nnUrtllU), in the nonendaiure of 
the Mtutniaa ajalcni, owing to Ibo order of diMortry oot colncidlot; with thot 
o( diiCsnccn X»trono(u<M'« w«ro oot ngnTod nbvcbtr to etitl th« (wo lactrlae 
•aloIUtM Iho Clb nod Itb (rockonlog Inward) and tho older ones the 111. 2d, 
3d, 4th and Sib, rockoolng outward, or to comneoM witb tbo iDnrnnMt and 
r««knn outward, from 1 to 7 Thii oonfualoo. which Uto binductlon ot an 
eighth would biro rvademl laloteratJA. ban txwa obriated bf a teriliolooimi 
BoneneUturo, largeaiod In a termer cdllbra tbia wo/k, and which )ia« w«s 
pofterally accepted. In connonanco *Uh Ibal at length compiotelf e«ubli«hr>l for 
Ibo prlmarr plaoeia Taking Iho namex of U * Tltanlan divlnliina, the folluwitifc 
Tertes Qtardouing fatae cjuiuiUtiM) afford an e*»j artiilcUl tncnior^ 
lapetui cunctoK topra rotat. huncen aequuniur 
!Jyi>erion, Titan, Ithf-a, Pion8, Tilliyt, 

KDcnladiia, Ulaaa^ 

It U worth rrmarking that fUroon Uatloa, who d iho priority of tbo 

diacorrry of JupiWf a aate'Iitm wtlb (taUlM, pmiioanl for i!>en> mytl.oloel,'^ 
tsuoeat, rU. to, Kurop*. flanymriJo and CUllialo Tho mWraJ of ihMe names 
woull aarof of a pwfBrcsco of Uarlna'a cU'm. whkh. rtrn if an aWtalo 
yvfevdi/ wo** fliemlrd iwjileb ll la noth would ailll Wro fnsr^ 

rUlei to the u»« of the kWropc aa a nwasi of aatrofic-iI<wl duworary Icu-t 
But l» U.ccaae of Jupter'a aauUltaa IborouUta bororfui.on b> rvcilfy. They 
are cooi'antly refenrO lu by Ihelr nunwrlcal doe'^oatlco* tn orcry ahbacac 
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occuUatmns, or tranBjte ol these bodies or their shadows 
Across the disk of their primarj (the interior ones excepted), 
until near the time when the ring is seen edgewise, and 
when thej do take place their observation is attended with 
too mnch difiicaltj to be of anj practical use, like the 
eclipses of Jupiter a eatotUtes (or the determination of 
longitudes, for which reason they have been hitherto little 
attended to by astronomers 

(550 ) A remarkable relation subsists between the pen 
odic times of the two interior satellites of Saturn and t!io<o 
of the two next in order of distance, viz that the penod of 
the third (Tcth^s)iB double that of the first (Mimas) and 
that ol the fourth (Dionc) double that of the second (Encol 
ados) The coiocidcnee is exact in cither case to about one 
800th part o! the larger period 

(o61 ) The satellites of Uranus require very powerful 
and perfect telescopes for tbeir observation Four are cer 
tainly known to exist, to which (proceeding from without, 
inward in succession) the names Oberon Titania, Umbriel, 
and Ariel, of the fames, sylphs and gnoincs of Shakespeare 
and Pope, have been assigned reapcctnely Of these Oberon 
and Titania are tolerably conspicuous in a reflecting telescope 
of 18 or 20 inches in apertjire They were discovered by Sir 
"W Hefschel in 1787, and have since been reobserved by the 
author of this work, and subsequently by Messrs Lassell, 
Otto Struve, and Lamont Umbriel (a much fainter object) 
was also very probably seen by Sir W Herschel, and de 
scribed by him as ' an intenor eatelhte but his obserra 
tioos of It were not sufficiently numerous and precise to 
place its existence, at that time beyond question It was 
rediscovered, however, by M Otto Struve " and observed 
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i Bobseqaently, on numerous. occo<»ions, by Mr. 'Lassell, to 
•whom we also owe the first discovery of Ariel,'* as well as 
a fine senes of observations aftd ‘ micrometrical measures 
of all four, obtained at his observatory at Xiverpool and 
during his residence in Malta in 1852-63,^ which forms a 
remarkable epoch in the history of. astronomical observa* 
tion. Three .other satellites, one intermediate between 
’Oboron and Titania, the others exterior* to’ both, were sus- 
pected by'Sir,W. Herschel, but their existence has not been 
confirmed. The periods and distances of the four known 
satelhtea will be fonnd in the synoptic 'table at the end of 
the volume. . > 

(652.) The orbits of these satellites offer remarkable, and, 
indeed, quite unexpected and onexampled peculiantics. 
Contrary to the unbroken analogy of the whole plaootaiy 
83 ' 8 tom— whether of primaries or secondaries— the plauM^f 
their orbits ore n«ir/y p^pendimhr to 'the ecUplte^ being 
inclined no les.s than 7$l 5S* to that plane, and m tbeso 
orbits their motions are relroyrade; that is to say, their 
positions, when projected on the cclij)tic, instead of ad- 
vancing /rom u’fc5< to east round tbo centre of their prim.'iry, 
ns IS the CASO with every other planet and Kitenue, more tn 
the oppoiito direction. Their orhita nro nc.'irly or quite 
circular, and they do not appear to have any sensible, or, 
at letuU, any rapid motion of nodes, or to have nndorguno 
any material change of inchnotion, in the course, at least, 
of half a revolution of their pnmnry round the sun. When 
the earth is in the plane of their orbit", or nearly so, their 
apparent paths are straight bne< or tcry elonga{e<l ellip.*^, 
in which case they become tnri"iblc, their feeble light being 
elTaced by tlic superior light of the planet, long lieforv they 
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cOmc up to Its disk, BO that the observatiorn of nnj cclipsea 
or occuItaiioDs they maj undergo la quite out of the question 
^\lth our present telescopes 

(oo3 ) If the ob^crration of the satollites of Unnus be 
iIiHlcuIt, those of Kcptunc, owing to the iihmcnse distance 
.of that planet, may be readily imagined to offer still greater 
dilftcaltics Of the existence of two, discovered by ilr, 
I^issell," there can remain no donbt, haring also been ob 
serred by other astronomers, both in Europe and America 
According to M Otto Strove'* the orbit of the first is in 
dined to the ccliptfc at the considerable angle of 85", but 
whether, os to the cose of the satellites of Uranus, the direc 
tton of its motioQ be retrograde it is not possible to say 
until It shall have been longer observed 

H Oq if* (iutp«ct«d la IS4eX aod U 1S50 
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